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Reservation 


wN the last fifteen years considerable experi- 
mental material has accumulated which bears 
bn the minor biological cycle of the elements 
eginning with the first stages of soil forma- 
jon under lithophilous vegetation and ending 
vith forests, steppes and semideserts. In con- 
rast to this, the part played by the major 
xeological cycle of the elements in soil forma- 
ton, at least in its quantitative aspects, has 
‘emained unstudied. These facts led us to ex- 
‘end our study of the minor, biological cycle of 
he elements to include an attempt to determine 
he quantity of biologically important elements 
hich are leached from the soil profile by de- 
cending moisture currents and which are in- 
olved in the major geological cycle. 

For this purpose research was carried out by 
ersonnel from the Department of Soil Science, 
niversity of Moscow, and from the Voronezh 
tate Reservation where, since 1947, a joint in- 
vestigation has been in process on the interac- 
ion of forest and soil. This investigation was 
acilitated by the fact that the ancient alluvial 
uartz sand, the parent material, is underlain 
t a depth of 1 to 2 meters by dense silty clay, 
aking it possible to apply V. V. Tsinzerling’s 
dea of using the dense underlying material as 
\. practically impermeable bottom in hydro- 
yhysical forestry research on two-component 
eposits of a similar type. 

The first experimental plot for studying lat- 
ral runoff within the soil was laid, in 1953, m a 
tand of goutweed and 40- to 60-year-old oak 
m gray-brown forest sandy loam. The size of 
he plot was 35 m° (5 X 7 m). Around this area 
e dug a trench deep enough to extend 30 to 
40 cm. into the underlying clay loam. With a 
avel the direction of the slope of the under- 
ying clay was determined. The plot was en- 
losed on all sides by fire-clay brick wall on 
op of the exposed clay. The walls projected 
omewhat above the surface of the soil and 
vere coated with concrete on the outside. The 
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ELATION BETWEEN BIOLOGICAL ACCUMULATION AND 
LUVIAL PROCESS UNDER FOREST COVER 


er eation at the Voronezh State University) 


VN. P. Remezov, Department of Soil Science, Moscow State University and Voronezh State 


space remaining in the trench was filled with 
earth. A tube, acting as a water barrier and 
slightly inclined to facilitate drainage, was 
mounted in the wall from the direction of the 
lower level of the clay at a right angle to a 
vertical line from the clay surface. The tube had 
previously been cut open lengthwise to form a 
crack to allow entrance of the water from lateral 
flow in the soil. A belt 20 em. wide was welded 
below the crack. This cut into the clay some- 
what below its point of contact with the sand 
lying above it and provided a means of escape 
for the trickle of solutions under the tube. The 
lower end of the tube was led out to a pit; the 
opposite end was closed. A galvanized iron 
bucket was placed in the pit under the tube to 
collect the water running off. On top of the pit 
entrance an enclosure was built which extended 
50 cm. above the soil surface and which had a 
hinged cover for access. Boxes were placed 
around the drainage area for collecting leaf 
litter, along with rain gauges and other ap- 
paratus for the accompanying investigation. All 
this and the drainage area were fenced in. Under 
these conditions, surface runoff was not, as a 
rule, observed. Therefore no equipment was re- 
quired to determine it. 

On the drainage area there were six seed oaks 
15 to 16 cm. in diameter and 16 m. high and 
four Norway maples 6 to 12 cm. in diameter 
and 10 m. high. The density of the crowns was 
0.8. The second growth included linden, elm, 
ash, Norway maple and oak. The underbrush 
included filbert and Tatarian maple. Goutweed 
and hairy sedge were predominant in the herb- 
age, but much sweet woodruff, zvezdchatka 
lantsetovidnaya (Alsine lanceolatum), spring 
vetchling, fialka wdivitel’naya (a species of vio- 
let), European wild ginger, kolokol’chik krapi- 
volistnaya (a species of Campanula), Polygon- 
atum multiflorum and Geum urbanwm were 
encountered. The extent of coverage was 80%. 

Since 1950, year-round observations have 
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been made on the water relations in various 
plantings, including those of oak. Data obtained 
over a period of eight years show that percola- 
tion of atmospheric precipitation through the 
soil to the depth of the underlying clay or clay 
loam occurs only during thawing. Consequently, 
removal from the soil profile of the nutritive 
elements required by plants may take place 
only in spring. In the remaining seasons, actual 
wetting of the soil takes place only to shallow 
depths, causing migration of the soluble com- 
pounds within the stratum where there is great- 
est development of the roots of herbaceous and 
woody plants. The root systems of the common 
herbage of oak stands are concentrated in the 
stratum from 20 to 30 em. (4). Most of the 
oak roots are from 50 to 60 cm. from the sur- 
face. A few roots penetrate all the way to the 
underlying parent material (1). 

There is a large amount of moisture (about 
250 mm.) lost by transpiration in broad-leaved 
forests. Moreover, a part of the atmospheric 
precipitation is retained on the crowns of the 
trees, on the herbaceous vegetation and on the 
forest litter. Water evaporates from these sur- 
faces. During the vegetative period there is 
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considerable drying of the soil, and regardle! 
of the rainfall, the moisture supply in the s 
is much smaller than in spring. The differenc 
between the field moisture capacity and tk 
moisture supply in the soil at the end of t 
vegetative period reaches 100 to 150 mm. 

All these facts show that a considerable poi 
tion of the snowmelt makes up the soil moistun 
deficit developed during the summer drough’ 
which, in turn, decreases the amount of mois 
ture going to drainage. A part of the moistur’ 
may be absorbed by the underlying pare 
material. 

Weather conditions during different yea 
determine the varying time, course and exten 
of the drainage within the soil. At the timé 
drainage begins its extent and duration ar¢ 
affected by the following factors: the amoun 
of water in the snow when thawing begins, the 
amount of moisture evaporated from the snow 
surface, the amount ‘of precipitation during 
thawing, the difference between the moisture 
storage in the soil at the beginning of thawing 
and the field moisture capacity, the temperature 
relations at this period, the course of thawing 
of the soil, and so forth. 


Results of determinations and analyses of drainage water in an oak stand 
(Analyses by L. A. Poyarkov and M. Ye. Popov) 


sas In milligrams per liter 
r Oxidiza- Total 5 
Date i pH bility alles att Nite / 
cent mg./l. of O2| meq./l. Si Al Ca K P 
1954 
April 12 4934 (ts) 25.6 3e2 1.9 7.1 | 104.8) 10.1 |traces 1 
Bie les) 315 1) 28.0 3.4 1.9 5.4 | 127.0) 12.8 0.5 @ 
ake pall) 1216 Tot 14.4 Ee) 220 7.0 | 143.1) 14.1 “a 1.0 @ 
USE LG. 1287 fates 14.4 2.9 2.0 6.3 | 16173) 8.1 a 0.9 @ 
S20) 3075 7.4 34.4 2.5 1.6 6.9 | 209.7) 10.1 ve 1.6 q 
‘24 3695 7.8 12.4 2.6 Led 9.3 | 225.8] 11.5 ss 1.3 
May 3 3246 {ies} 28.4 2.0 V3 8.4 | 164.9} 8.1 es He 7h 
> 8 1144 awh 18.0 2.3 1.8 6.6 | 189.5) 14.9 <e 2.6 
ey il 272 7.8 21.6 2.4 1.9 6.3 | 197.6} 16.2 ee 2/1 = 
Gos Ness 129 (all 30.4 2.5 2.0 5.6 | 197.6) 14.2 oe 1.6 — 
Total 19313 7 
1955 ] 
Mar. 26 6904. no data 27.2 4.4 0.5 | 16.0 | 112.9) 3.8 
eed Ss 7293 st 29.6 4.0 O25 | W534 | 1629) ool 
C10) 7179 Ee 26.4 4.0 OFo Ms oSSa  LOORS 2.6 
April 4 2460 7 26.4 4.0 0.6 | 16.0 | 118.9} 3.8 
By aise) 907 al 20.8 4.2 0.7 | 16-4 | 127.0) 2.6 
Total 24743 


BIOLOGICAL ACCUMULATION AND ELUVIAL PROCESS 


In 1954 the reserve of water in the snow 
_fover at the beginning of thawing was 70 mm. 
‘Drainage began comparatively late and was 
protracted. (Table 1). The first portions of 
( ater were collected April 12 and drainage 
nded May 15. Duration of the drainage was 
}4 days. Interruptions in the intake of drainage 
vater were caused by low temperatures, espe- 
jially (sic) from May 20 to 381. The total 
‘}mount of internal soil drainage was 19.3 metric 
ions per hectare or 2 mm. According to pheno- 
}pgical observations the snowdrops began to 

loom April 16 and reached full development 
y April 20. The early oak began to turn green 
ay 6. Thus the forest ephemerals, shrubs and 
‘ven early oak, developing at the time of the 
jow may exert an influence on the drainage 
nd on the loss with the drainage water of 
utritive elements. The developing plants lost 
oisture in transpiration and absorbed the nec- 
sary nutrient elements from the soil, by this 
eans lowering the possibility of leaching these 
lements. Preceding investigations (4) showed 
at the above-ground parts of oak-grove ephem- 
als contain the following amounts of elements 
kilograms per hectare: N, 3.9 to 9.0; CaO, 
onto 6.15 KO; 9.7 to 21.8; P,0,, 1.4 to 3.2; 
O; , 0.4 to 0.9; and so on. 

In the following year (1955) the amount of 
ater in the snow at the beginning of thawing 
as 72 mm. The snow began to thaw consider- 
ly earlier and the first drainage was collected 
early as March 26 (Table 1). The soil thawed 
ven before the beginning of March. The drain- 
ze was very intense. A large part of the water 
6%) drained off in the first five days. A drop 
the temperature delayed further drainage. 
‘spite of this delay the drainage ended April 
. The total amount of water drained in 1955 
as 24.8 metric tons per hectare or 2.5 mm. 
he snowdrops began to bloom this year on 
arch 3 and were in full bloom by March 18; 
te early oaks began to turn green on April 8. 
ost of the drainage took place before the 
rest ephemerals began to develop. For this 
ason the forest vegetation could exert con- 
erably less influence in 1955 on the removal 
nutritive elements with the drainage. Only 
ose types of underbrush developing under 
cow (for example, the filbert) and certain 
vhemerals were able to retain a small amount 
‘nutritive elements in the biological cycle. 
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Drainage was different in 1956. The water 
contents in the snow at the beginning of thaw- 
ing were considerably larger than in the pre- 
ceding year—208 mm. Collection of drainage 
water began on April 14 (almost as in 1954), 
but it had already ended by May 3 (Table 2). 
The drainage period lasted 20 days. The great- 
est amount of drainage (92%) took place from 
April 16 to 24. Total drainage was 51 metric 
tons per hectare, or 5 mm. The soil thawed 
long before the snow. Development of the oak- 
grove ephemerals began almost at the same 
time as in 1954. The snowdrops began to bloom 
on April 15, reaching full flower on April 21. 
The early oak began to turn green somewhat 
earlier than in 1954. It must be assumed that 
in 1956 the vegetation was able to hinder drain- 
age loss of a number of elements to a greater 
extent than in 1955. 


TABLE 2 
Results of determinations and analyses of 
drainage water in an oak stand 


(Analyses by I. K. Sviridov and M. Ye. Popov) 


Exe) ne In milligrams per 
Drain- mo ee liter 
Date | age, |pH ed BS 
1./ha. Su (aS 
ZA [Sa 8/Si] Alj/ca| K| Pp {Total 
(e) A 
1956 
April 14 1353 |7.0| 23.4 | 2.8 |0.3) 9.0/86.3/26.0) traces 
“ 16} 5471 |7.2) 12.2 | 2.9 |0.4| 9.0/88.5]18.2 “F 18.2 
174 6326 |7.5) 17.7 | 2.6 |0.4| 9.6/83.9] 9.2 rf 17.1 
18) 7746: |7s3) 17.6)| 02-5: 10.4) 9.5174.6)12.-9], F¢ 15.9 
“© 19 | 10199 |7.4| 16.3 | 2.8 |0.4/10.2/85.4/13.9 ne 11.6 
© 20 7979 |7.3) 16.8 | 2.4 |0.4/12.6/67.0|16.8 = 18.2 
21] 5194 |7.6) 15.4 | 2.5 /0.4/19.3/69.6)11.3 ss 12.5 
« 24) 4536 |7.6) 15.6 | 2.5 |0.4/10.2/69.1/19.7 fe 15.9 
s 26] 1316 |7.4) 30.7-| 2.9 |0.4/10.4/74.8)23.2 a 11.4 
May 3] 1287 |7.6) 18.6 | 2.7 |0.4/10.2/96.0)16.9 ae 4.7 
Total | 51406 
1957 
Feb. 20 | 1502 |7.2| 21.2 | 3.1 |1.8|18.3/27.3] 0.6) 0.07 | 11.2 
GS Pht 472 |7.2| 19.6 | 3.2 |1.7|22.4)28.4) 0.3) 0.07 | 11.2 
ce? 300 |7.0| 26.0 | 3.4 |1.8/22.8/28.4) 0.4) 0.07 7.8 
er) 715 |7.3| 22.8 | 3.0 |1.8/21.3/26.6) 0.1) 0.08 8.9 
March 5} 1539 |7.3) 28.0 | 3.3 |1.7/16.4/29.9) 0.4) 0.04 | 10.1 
April 3 572 |7.2) 25.2 | 3.5 |1.7/17.8/30.2) 0.4) 0.03 6.7 
6] 7965 |7.4)-22.8 | 3.0 |1.5/21.9/26.3) 0.4) 0.03 6.7 
« 8} 15902 |7.3) 17.2 | 2.7 |1.6/22.8/23.4) 0.3] 0.03 4.5 
* 13 | 26152 |7.2} 17.2 | 2.6 |1.6}24.1/20.9) 0.6] 0.03 6.7 
16] 2860 {7.2} 26.0 | 2.4 |1.6/24.2/20.5) 1.6] 0.02 | 11.2 
*¢ 23| 2402 |7.3] 16.8 | 2:7 |1.6)16.3/21.6) 4.0) 0.22 | 13.4 
Total | 60380 
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The year 1957 was quite exceptional. An early 
thaw caused the appearance of the first drain- 
age water as early as February 20. Such early 
drainage was unexpected, and the water storage 
in the snow at the time of the thaw was not 
determined. The drainage which began on Feb- 
ruary 20 continued through February 25 (Table 
2). The drainage during this time was calcu- 
lated at 3 metric tons per hectare or about 57% 
of the total drainage. The onset of cold weather 
interrupted further drainage. A new heat wave 
led to the occurrence of a small amount of 
drainage on March 5, (1.5 metric tons per 
hectare) but another cold period mterrupted 
the development of drainage which did not 
recur until April 1. All of the main drainage, 
amounting to 55.8 metric tons per hectare took 
place during eight days in April. The total 
drainage in 1957 was 60 metric tons per hectare 
or 6 mm. Thus the draimage this year took 
place before the beginning of blooming of the 
oak-grove ephemerals. The snowdrops began to 
bloom on April 12, 1957 and were in full bloom 
on April 18. The early oaks were observed turn- 
ing green April 30. In 1957, as in 1955, the effect 
of biological absorption on the removal of nu- 
tritive elements with drainage was minimal. 

Many factors exerted an influence on the 
amount of nitrogen and ash elements lost from 
the soil in the internal soil drainage. The most 
important is the accumulation of water-soluble 
compounds im the soil by the beginning of 
thawing and their formation during the thaw- 
ing period. Such accumulation and formation 
depends both on the entrance into the soil of 
dead organic matter with plant debris and on 
the activity of biological processes causing the 
mineralization of this matter. Under conditions 
of relatively earlier drainage, when the animals 
and microorganisms of the soil have not yet 
fully developed, the accumulation of water- 
soluble compounds will be lower than in years 
when thawing takes place later. This accounts 
for more complete removal of nutrients with 
later thawing. A substantial influence is exerted 
by the amount of drainage, which varies within 
wide limits from one year to the next. In the 
four-year period under consideration it varied 
from 20 metric tons per hectare in 1954 to 60 
in 1957. As mentioned before, consideration 
must also be given to the adsorptive capacity 
of the soil, including biological absorption. Nor 
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can we fully exclude the possibility of an >} 
crease in the amount of nutrients removed — 
a result of leaching of the underlying pare 
material which served as the bottom of ti 
lysimeter. 

The effective pH of the drainage wat 
(Tables 1 and 2) was weakly alkaline or som 
times neutral at all times during its flow. T! 
pH varied from 7.0 to 7.8. Between these lim: 
the effective pH depends on the ratio betwei 
the concentrations of calcium bicarbonate a1! 
calcium carbonate in the solution. In 1954 4]| 
effective pH of the draiage water was som 
what more alkaline (7.4 to 7.8) than in 19% 
(pH = 7.0 to 7.4); in 1956 the figure was i) 
termediate between the first two. Determiny) 
tion of the oxidizability revealed a considerab) 
content of organic matter in the drainage wate! 
With an increase in the drainage water w 
noticed an increase in the leaching of humy) 
from the soil. The amount of oxygen consume) 
in oxidation by years was: 1954, 453 grams’ 
1955, 67%; 1956, 856; 1957, 1141. 

Analyses showed considerable variation in th: 
content of organic soil substances in differen: 


samples of the drainage water. In 1954 the con! 


sumption of oxygen in milligrams per liter var 
ied from 12 to 34; in 1955 it was higher—2! 
to 30—with a smaller amplitude of variation! 
in 1956 oxygen consumption of 16 to 18 milli” 
grams per liter prevailed and only in exceptionai 
cases did it go as high as 23 to 31 or as low ay 
12. In 1957 the oxygen consumption staye 
within the limits of 17 to 28 milligrams per liter’ 

Calcium was the substance removed in thé 
largest quantity. Its removal was especially hig 
in 1956 when it reached 4.0 kilograms per hee 
tare and it was least in 1957 with 1.4; it aver- 
aged 3.3 in 1954 and 2.8 in 1955. A fairly defi- 
nite relation was observed: the greater th 
amount of drainage water, the lower the con 
centration of calcium in it (Table 3). ' 

No direct relation was observed between the 
volume of drainage and the total amount ¢ 
calcium removed. This must be attributed 
weather conditions, the time at which the drait 
age began, its duration and the spring resur 
gence of biological processes in the soil. It ma 
be noted that in years when drainage begaml 
earlier (1955 and 1957), the amount of calcium 
removed was noticeably less than in years wher 
it began later (1954 and 1956). 


As noted, drainage took place in 1955 and 
| 1957 before the oak-stand ephermerals bloomed. 
We therefore assume that the microbiological 
processes causing the decomposition of dead 
organic matter and the liberation of the ele- 
ments in it were still dormant. This is why the 
| soil contained few soluble calcium compounds 
| during the drainage period. In the other two 
years—1954 and 1956—drainage began when 
the activity of the biological processes had al- 
ready increased considerably and had led to 
the accumulation of water-soluble calcium com- 
pounds. As a result, the loss of calcium was 
greater although the incipient growth of the 
higher flora hindered it to some extent. 

'There was a considerably smaller loss of po- 
tasstum with the drainage water, the greatest 
taking place in 1956—0.71 kilograms per hec- 
tare; the smallest in 1955—0.09. The losses in 
other years were intermediate: in 1954, 0.21 
and in 1957 0.25 kilograms per hectare. 

No direct relation between the volume of 
drainage and the loss of potassium was observed 
(Table 3). There was a clearer relation between 
the time drainage began and the potassium 
content of the drainage water (Table 4). When 
drainage began in the middle of April (in 1954 
and 1956) the concentration of potassium in the 
drainage water was considerably higher (from 
8 to 26 milligrams per liter) than when drain- 
age began earlier (1955 and 1957). This is a 
repetition of the same relationship noted for 
loss of calcium. The same explanation evidently 
applies to both. 

It is interesting to note that in 1957, when 
drainage began especially early, the potassium 
content of the drainage water was at a mini- 
mum—0.1 to 0.6 milligrams per liter, but on 
April 16 it rose to 1.6 and on April 23 to 4.0. 


TABLE 3 


elation between volume of drainage and concentration and total 
loss in drainage water of calcium, potassium and aluminum 


Calcium Potassium Aluminum 
Volume 

of drain- a a = ; == 

age, oa 3| Sue Ma | Su < 
metric |= 3 aj. S/26 sJ/aus|] ee = as 
tousperwte sree eos mle | Oo Sone | i. 
ha. |SSOg/402) Same) 22) stag | 22 

1S) 4 (e) A (2) A 
19.3 105-226] 3.3 8-16 | 0.21 5.4-9.3 | 0.15 
24.7 101-127| 2.8 3-5 | 0.09 | 15.4-16.4) 0.30 
51.4 67-96 | 4.0 9-26 | 0.71 9.0-12.6) 0.53 
60.4 21-30 | 1.4 | 0.1-4.0) 0.25 | 16.3-24.2] 1.33 
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TABLE 4 


Data from the analysis of lysimeter water collected 
in an oak stand in 1954 (milligrams per liter) 


Oxidiz- Ni- 
Date pH ability Si Al | Ca K P_|trate 
in Os N 
From 20 cm. level 
April 14) 7.7 | 23.07] 0.28 | 8.02) 36.24] 72.11 | traces} 1.09 
June 2 7.7 | 16.27 | 0.16 | 5.92) 38.12] traces]  “ 7.82 
Aug.16| 7.4 | 26.17 | 0.20 | 4.78} 96.10} 2.61 | 0.89 |52.21 
From 50 cm. level 
April 14} 7.5 | 28.20} 0.25 | 7.00) 37.48] 50.40 | traces] 1.77 
June 2 7.6 | 18.80 | 0.16 | 4.56) 29.52] traces * 3.27 
Aug.16| 7.5 | 25.07 | 0.15 | 5.88] 59.47 se ST 08 


Evidently the microbiological processes were 
being activated. The high total loss of potassium 
in 1957 was caused by the large volume of 
drainage. 

During the first three years (1954 to 1956) 
there were only traces of phosphorus in the 
drainage water. In 1957 it was found in small 
but measurable quantities—0.02 to 0.07 milli- 
grams per liter—and in the last portion of drain- 
age water collected (April 23) it even reached 
0.22. The total amount of the loss was 3 grams 
per hectare. 

Nitrogen may be leached from the soil in the 
form of nitrates, nitrites, ammonium salts or 
water-soluble organic substances. In the first 
two years the nitrogen in the drainage water 
was determined as nitrates and its content was 
very small: in 1954, 0.5 to 2.6 milligrams per 
liter and in 1955, 3.0 to 6.0. There were only 
traces of nitrites. The total losses in 1954 and 
1955 were 0.03 and 0.103 kilograms per hectare 
of nitrogen respectivley. 

In 1956 we replaced determination of nitrates 
in the drainage water by determination of the 
total nitrogen content in order to get a com- 
plete calculation of the nitrogen loss. The total 
nitrogen content in the drainage water in 1956 
and 1957 was 5 to 18 and 5 to 13 milligrams 
per liter respectively. The total losses of nitro- 
gen in 1956 and 1957 were 0.75 and 0.42 kilo- 
grams per hectare. 

Because of the weakly alkaline effective pH 
of the drainage water we could have expected 
considerable solubility and loss of silica. How- 
ever, the silica content in the drainage water 
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was extremely low. There was an especially low 
silica content in the drainage water in 1956 
(0.4 milligrams per liter) and 1955 (0.5 to 0.7), 
but it was higher in 1957 (1.5 to 1.8) and 1954 
(1.3 to 2.0). The total loss varied from 0.013 
kilograms per hectare in 1955 to 0.092 in 1957. 

Considering the low silica content, the rela- 
tively high aluminum content in the drainage 
water, resulting in a noticeable aluminum loss 
from the soil, is remarkable. In the years when 
drainage began as late as the middle of April— 
1954 and 1956—the aluminum content of the 
drainage water was minimal, but in the years 
when drainage began early—1955 and 1957—it 
was maximal; the high concentration of alumi- 
num in the drainage water in 1957 was espe- 
cially conspicuous. The relationship with the 
time of drainage is the reverse of that noted 
for caletum and potassium. Thus, the hypothesis 
arises that biological absorption affects the alu- 
minum content in the years that drainage be- 
gins late—when the higher plants are being 
aroused from the winter period. 

The total volume of drainage exerts a con- 
siderable influence on the loss of aluminum from 
the soil profile. The greater the total drainage 
volume, the greater the quantity of aluminum 
lost. The effect of the dramage volume is cor- 
related with the differences in aluminum con- 
centration in the drainage water for the years 
in which observations were made. 

In addition to studying lateral drainage on 
the experimental plot we attempted to use 
lysimeters placed at different depths. To avoid 
solution leakage from the side we selected Popov 
type lysimeter-evaporators. They were repli- 
cated six times under the canopy of the oak 
stand. The drainage area of each lysimeter was 
500 em’ and the total drainage was from 3000 
em.. The crowns of the multistoried oak stand 
exerted a very uneven restraining effect on the 
penetration of precipitation to the soil surface. 
This caused large differences in the amounts of 
rainwater collecting in the lysimeters placed un- 
der the canopy of the oak stand. Sixfold replica- 
tion was not enough to get reliable data on the 
amount of water percolating into the lysimeters. 
The concentration of dissolved compounds in 
the lysimeter water was so constant that we 
were able to use the data from water analyses 
(Table 4). At flood time (April 14) the concen- 
tration of silica and calcium in the lysimeter 
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water was considerably less than in the drainagt 
water. It can be assumed that on the drainag 
areas the losses of these elements occurred im 
deeper horizons (below 50 cm). These elements 
could have been translocated into the lower ho 
rizons from the upper horizons durmg the wet 
fall period. 

The potassium content in the lysimeter wate 
from a depth of 20 cm. was considerably higher 
(72 milligrams per liter) than in the drainage’ 
water (10 to 14 milligrams per liter) during this) 
period. At the 50 cm. depth the potassium con-| 
centration in lysimeter water decreased notice- 
ably to 50 milligrams per liter. Evidently there 
are conditions which tend to retain potasium in) 
the upper part of the soil profile and to limit its: 
loss with drainage. 

The potassium content of lysimeter water det 
creased abruptly in July and August until there) 
were only traces. This agrees with the observa-| 
tions on the soil content of mobile potassium} 
compounds—that is, those extractable with 1.0! 
N NaCl. In midsummer it was noted that there’ 
was a decrease in mobile potassium in = hu- 
mus- accumulating horizon. 


em. depth the calcium content was 96 milli-: 
grams per liter and that of nitrates was 52; at” 
the 50 cm. depth the corresponding figures were | 
59 and 8. Such a high accumulation of nitrates | 
in forest soils even under oaks is rare. In this” 
connection it should be noted that water analy-— 
ses from five of the lysimeters gave similar 
values; the nitrate content was noticeably lower 

only in water from the sixth lysimeter. 

Figures for aluminum content of lysimeter 
water were of the same order as in the analyti- 
eal data from the drainage water—5 to 8 milli- © 
grams per liter in lysimeter water and 5 to 9” 3 
in drainage water. 

In 1955 a second experimental plot was oll 
up to study lateral drainage within the soil; 
in an aspen stand with maple, goutweed and 
sedge, located in the immediate vicinity of the 
first plot. The size of the plot in the aspe 
stand was 115.5 m*. Space limitations in thi 
article do not permit details of the 1956 and 
1957 results on this plot. 

In general, the course of drainage on bot 
plots was similar. The principal difference con- 


sisted in the lower content in the drainage wa- 
ter from the aspen stand of calcium and potas- 
sium, and the more acid effective pH of the 
drainage water compared to that from the oak 
stand. 

In the Reservation Area there are a con- 
siderable number of small brooks in which wa- 
ter flows only in spring when there is snowmelt. 
The elements from the internal soil drainage 
|translocated by the waters of these brooks are 
|partly retamned in the humus-clay soils of the 
European alder stands, while another part 
reaches the Usmanka river and enters the major 
geological cycle. 

Since 1955 we have been making chemical 
water analyses from brooks draining watersheds 
having forests of uniform species composition. 
The results (Table 5) show the similarity be- 
tween the water from watersheds under oak 
stands and that from the drainage area under 
an oak stand. The element carried off in the 
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largest quantity is calcium; this is followed by 
aluminum and potassium, which reverse their 
order depending on the year and the place; the 
next most abundant element is nitrogen; the 
silica content is very small; and there are only 
traces of phosphorus. The highest calcium con- 
tent was found in 1956. Just as in the analyses 
of drainage water, 1957 stood out as having the 
lowest concentrations of calcium, potassium and 
nitrogen and higher concentrations of alumimum 
and silica. This was also reflected in the com- 
position of Usmanka river water. 

The water from the brooks draining water- 
sheds with trees of different species differed pri- 
marily in caletum content and to a smaller ex- 
tent, aluminum. In all years the highest content 
of caletum wasfound in brooks draining the oak 
watersheds; it was lower in brooks draining 
areas of aspen and lowest in those from areas 
of pine. Aluminum followed the same pattern. 

The greater loss of calectum and aluminum 


TABLE 5 
Data from chemical analysis of water from springs, brooks and the Usmanka river 
(Analyses by M. Ye. Popov and I. K. Sviridoy) 


f In milligrams per liter adie 
Name of water source ee Date pH ability 
Si Al Ca K P N in O2 
1955 
Oak Mar. 31 |no data | 0.65 |no data | 62.50/no data | 0.24 |no data | 13.6 
oF sop tee - 0.70 a 74.59 oe 0.50 a 16.0 
herepakhinskiy | Aspen 0 RES oe 0.70 e 44.35 a 0.24 Be 16.8 
Usmanka river 2s Me 1.05 se 20.16 a 0.18 . 25.6 
ao) bY 0.84 se 30.24 ie 0.22 ce 25.6 
April 11 s 0.73 iS 40.32 is 0.40 MY 20.0 
1956 
Oak May 30 7.6 0.45 | 18.94 | 99.19) 11.71 |traces| 15.16 4.4 
OG Ue a 7.8 0.39 | 11.69 | 99.19) 17.21 ot 8.10 | 10.3 
herepakhinskiy | Aspen aa) aa Tao) 0587 W918297 1) 63.70) 12,91 oe 6.95 | 9.9 
i Pine CR ee 7.4 0.22 | 10.89 | 32.26) 15.54 a NRA Seo 
smanka river pl ay eo 0.16 | 14.72 | 73.38) 18.64 ue 10.79 | 13.6 
1957 
rutkovskoy Oak Feb. 21 ie) Le Oule2eLO aioe 405 2290) 0.26 4.48 | 10.4 
April 9 7.0 170 QU2y 24 125 508.415. 0F06 3.36 8.8 
?ridorozhnyy e Feb. 21 7.1 1.79 | 25.48 | 30.60) 2.39 | 0.36 Si sexey ||) IBA) 
April 9 ne 1.71 | 20.52 | 22.68} 1.89 | 0.06 4.48 | 24.8 
herepakhinskiy | Aspen | Feb. 21 esd 1.68 | 22.34 | 16.92) 0.90 | 0.41 6.72 | 20.0 
April 9 ee?) 1.80 | 16.53 | 11.88) 0.70 | 0.05 5.60 | 15.2 
smanskiy Pine Feb. 23 6.1 1.61 | 20.16 Too), 1200 se 0536 5.60 6.0 
; April 11 6.7 1.61 | 12.30 6.48} 1.01 | 0.07 4.48 | 10.4 
smanka river Feb. 25 6.6 950 L596) | le.s2 t94 0237 6.72 | 28.0 
April 12 6.6 1.69 | 12.30 | 11.52) 0.50 | 0.06 6.72 | 19.6 
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from watersheds with oak and aspen stands as 
compared to pine may be related to the higher 
occurrence of calcium and aluminum in the 
leaf litter from oak and aspen forests than in 
that from pine. It is more difficult to explain 
the smaller content of calcium and, in some 
years (1957), of aluminum in the brooks drain- 
ing aspen forests as compared with those from 
oak forests. We must remember that leaf litter 
from the aspen forests is richer in calcium and 
aluminum than that from oak forests. The water 
from brooks draining pine forests has a more 
acid effective pH than the water from brooks 
draining oak and aspen forests. 

Thus, the species composition of watershed 
forests exerts a definite influence on the chemi- 
cal composition of the water entering the hy- 
drographic network and, therefore, on the major 
geological cycle of the elements. 

The soil-forming parent material of the Voro- 
nezh Reservation—quartz sand—does not con- 
tain any soluble compounds. In this respect it 
is a relatively inert medium. The soluble com- 
pounds carried off with the drainage water are 
formed in the course of the soil-forming process, 
and thus are a part of the minor biological cycle. 
The soluble compounds are formed when the 
higher flora create organic matter and in the 
opposite process of the subsequent destruction 
of the dead organic matter by the lower. flora 
with the help of soil fauna. The woody plants 
acquire the mineral elements necessary for life 
not only from the entire layer of sandy alluvium 
but also from the underlying parent material 
which has higher concentrations of them. 

If the quantity of elements removed by in- 
ternal soil drainage was expressed as a percent- 
age of the quantity of the same elements added 
by the dying vegetation (5), we would obtain 
indices characterizing the mobility of the ele- 
ments under these conditions (Table 6). A single 
series in descending order of mobility was ob- 
tained both for oak and aspen forests in all the 
years of observation: 


Al > Gare I> Siar. 


Only in 1954 was the mobility index of alumi- 
num less than that of calcium. 

This series for the mobility of elements under 
oak and aspen in the Voronezh Reservation dif- 
fers substantially from the migration series cal- 
culated by B. B. Polynov (2) for the crust of 
weathering. According to Polynov’s research, 
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these elements form the following series in order) 
of descending mobility: 


Cau i> PoS ers 


Thus, aluminum, which has the greatest mo- | 
bility in soils under oak forests, is relegated to) 
the position of the lowest mobility in the crust} 
of weathering. Phosphorus, least mobile in the} 
soil, occupies a position of medium mobility imj| 
the crust weathering, and so forth. These ex-' 
amples show how impossible it is to apply the | 
concept of the migrational capabilities of ele- | 
ments as obtained from the crust weathering | 
to their mobility in the soil, where biological 
absorption plays such an important part. 

It is impossible to give a general series for | 
the degree of mobility. The values of the mo- |, 
bility indices depend on the kind of plant for- } 
mations determining the minor biological cycle, | 
the properties of the soils (including the soil-. 
forming and underlying parent material), the | 
local relief and the climatic conditions affecting | 
the development of the eluvial process. 

The gray-brown forest soils where the oak 
stands of the Reservation have developed have - 
a characteristically high concentration in the | 
humus-accumulative horizon (see Table 7) not 
only of humus, nitrogen, phosphorus and sulfur | 
but also of alumina and calcium, the first two | 
elements in the mobility series (3, 4). Having — 
a deep and powerful root system, the oak (and — 
its accompanying flora) acquire alkaline nutri- i 
tive elements not only from the sandy layer but ~ 
also from the upper horizon of the underlying ] 
clayey material. Use can also be made of alka- | 
line elements brought down from higher parts | 
of the slope. The biological accumulation in the — 
upper part of the soil profile exceeds the loss of | 
the elements by eluviation. The concentration of © 
biologically important elements in the upper 
part of the soil profile increases those properdaaa™ 
which are beneficial for forest vegetation. 4 

In conclusion, we must emphasize the impor-_ 
tance of accumulating experimental data on the 
relation between the minor biological cycle and 
the major geological cycle of the elements in dif- — 
ferent types of terrain. These data are needed” 
not only to understand the soil-forming proc- 
esses and on this basis for planning practical — 
forestry and agricultural measures, but also to © 
solve broad biogeochemical problems. ' 


Received December 29, 1957. 
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TABLE 6 
Relation between intake of elements from leaf litter and their losses by internal soil drainage 


Si Al Ca K P N 
Under oak, 1953-1954 
Intake from leaf litter in kg./ha. 35.4 5.5 97.5 42.5 8.7 50.9 
Loss with drainage in kg./ha. 0.0384 0.147 3.277 0.208 traces no data 
LOss as percentage of intake 0.10 2.67 3.36 0.49 0 Sipe 
1954-1955 
intake with leaf litter in kg./ha. 34.8 Dah 100.9 42.8 8.7 50.3 
uoss with drainage in kg./ha. 0.018 0.295 2.761 0.093 traces no data 
40ss as percentage of intake 0.04 5.17 2.74 0.22 0 See wets 
1955-1956 
ntake with leaf litter in kg./ha. 29.0 5.5 83.9 35.6 7.4 42.4 
4oss with drainage in kg./ha. 0.019 0.528 4.013 0.709 traces 0.752 
40S8 as percentage of intake 0.07 9.60 4.78 Pe OGma ee 0 1.78 
1956-1957 
ntake from leaf litter in kg./ha. 24.8 Bog: 72.6 26.5 6.6 42.1 
.0ss with drainage in kg./ha. 0.09 1.334 1.384 0.253 0.003 0.415 
oss as percentage of intake 0.37 39.39 eh 0.95 0.05 0.99 


take from leaf liter in kg./ha. 21.0 6.0 85.3 42.7 9.9 31.7 
oss with drainage in kg./ha. 0.008 0.401 1.588 0.447 traces 0.641 
oss as percentage of intake 0.04 6.67 1.86 1.05 0 2.02 

1956-1957 

take from leaf litter in kg./ha. 21.0 6.0 85.3 OT 9.9 Ble 
oss with drainage in kg./ha. 0.054 0.467 0.462 0.168 0.003 0.236 
oss as percentage of intake 0.21 oto Ovot 0.39 0.03 0.74 


Note. Leaf litter intake data are taken for the year preceding the drainage. Figures for drainage 
der aspen in the spring of 1957 are not complete: the actual loss with drainage was about twice as 
eat. However, it may be assumed that the figures characterizing the ratio are of approximately the 
me order. 


TABLE 7 
Data from the total analysis of a dark gray-brown forest sandy loam from drainage area in an oak stand 
(Analysis by Ye. N. Plastinin) 


As percent of ignited soil 


Oxygen 
Horizon Depth, cm. __by 

Si Al | Fe | Mn | ca | Mg K Na s p | {difference 

0-5 44.86 | 1.00 | 0.44 | 0.06 | 0.51 | 0.16 | 0.25 | 0.16 | 0.05 | 0.08 | 52.48 

5-10 44.79 | 0.67 | 0.52 | 0.04 | 0.47 | 0.16 |_0.28 | 0.16 | 0.09 | 0.03 | 52.79 

18-23 45.25 | 0.49 | 0.35 | 0.04 | 0.19 | 0.22 | 0.20 | 0.16 | 0.04 | 0.01 | 53.05 

54-59 45.31 | 0.68 | 0.39 | 0.02 | 0.15 | 0.07 | 0.24.) 0.13 | 0.03 | 0.01 | 52.97 

78-83 45.50 | 0.40 | 0.26 | 0.01 | 0.20 | 0.07 | 0.18 | 0.08 | 0.06 | 0.01 | 53.23 

122-128 39.27 | 4.53 | 2.29 | 0.03 | 0.52 | 0.386 | 0.90 | 0.23 | 0.06 | 0.04 | 51.77 
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ost bogs in the world—especially peat bogs 
: —are concentrated in Europe, Asia and 
‘North America. This is because a considerable 
part of these continents lies in the Frigid and 
‘Temperate Zones. In the Frigid Zone, shallow 
ae causes intensive surface swamping, 
, 


hereas in the Temperate Zone the moderate 
chmate favors formation of peat bogs. 

, The typology and distribution of bogs are in 
general similar in the Old and New Worlds 
(Figs. 1 and 2). There are many bogs every- 
here in the north but the accumulation of 
eat is limited. Bog vegetation is mostly meso- 
rophic and eutrophic, while bog microrelief 
nd dynamics are related to the permafrost. 
urther to the south, in a more temperate cli- 
ate, is the zone of raised, generally sphagnum- 
upporting oligotrophic bogs with an upper 
ayer of sphagnum peat. Still further to the 
outh the peat bog area decreases and raised 
eat bogs give way to eutrophic ones. The very 
are peat bogs even further to the south are 
genetically related to areas of water accumula- 
tion. The bogs here are only eutrophic, some- 
imes with halophyte plant cover. Thus, under 
plains conditions, east-west zonality is mani- 
fested as well as north-south symmetry: in the 
center of the temperate climate where precipi- 
ation exceeds evaporation there is maximum 
ormation of peat and the raised type of bog 
redominates. Both to the north and south, 
eat formation tapers off, raised bogs disappear 
and eutrophic bogs predominate. The main 
causes of such changes are low temperature in 
he north and the excess of evaporation over 
recipitation in the south. The general symme- 
try of the vegetation, which also depends on 
he climate, corresponds to the symmetry of 
ogs: the forests are in the center and to the 
orth and south are the treeless tundra and 
he steppe. 

In addition to the north-south symmetry an 
east-west or Pacific-Atlantic symmetry is mani- 
ested in the absence of raised peat bogs and 
he slight formation of peat in the center of the 


DISTRIBUTION OF BOG TYPES IN FRIGID 
AND TEMPERATE ZONES OF THE NORTHERN HEMISPHERE 


temperate belt of Eurasia and America. Closer 
to the oceans, on the other hand, there is a pre- 
dominance of raised bogs and the types which 
replace them, while where relief is flat, peat 
formation is intensive. This is caused by the in- 
crease in continentality from the ocean shores 
toward the center of the continent, connected 
with the decreasing effect of the ocean winds. 
A similar symmetry is evident in Eurasian 
broad-leaved forests. They are attracted toward 
both oceans and are lacking in the center. 
Regions with raised bogs have developed un- 
evenly. Along the shores of the Pacific Ocean in 
Eurasia and North America they are narrow 
and occupy a belt near the shoreline of the 
continent and the neighboring peninsulas and 
islands, because there the mountain ranges along 
the shore hold back the moist ocean winds. A 
completely different picture is observed along 
the shores of the Atlantic Ocean, specifically in 
the temperate belt of Europe where the pre- 
vailing moist west winds are not held back by 
mountain ranges, but penetrate in an easterly 
direction as far as the Yenisey river. This is 
why ‘the western region of raised bogs extends 
across all of Europe and even further across all 
of Western Siberia. In the temperate belt of 
North America the east winds from the Atlantic 
Ocean do not go as far into the continent, even 
though there are no high mountain ranges here. 
For this reason the Atlantic foreland region of 
raised bogs, though broader than the Pacific 
region of North America, is still much narrower 
than the Eurasian region. In general, the cl- 
mate determines the distribution of raised bogs 
on the three continents. The ratio of precipita- 
tion to evaporation also plays an important 
part in the distribution of raised bogs on the 
three continents. Toward the south these bogs 
scarcely leave the zone in which precipitation 
is greater than evaporation. Their northern 
boundary is determined by the low temperature 
of the soil and the air. The quantitative distri- 
bution of raised bogs and of peat bogs in 
general is determined by the relief. Preglacial 
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Fig. 1—Distribution of bog types in the Frigid and Temperate Zones of Europe and Asia. 


1—Plains region bogs of the tundra, sparse forest and northern forest zone and also of 
the intermountain permafrost plains. Bog surfaces are deformed by factors of freezing. 
The vegetation of depressions is mesotrophic or eutrophic and, toward the south, also 
oligotrophic; and on all the elevations it is often oligotrophic. There are only isolated 
trees (almost exclusively conifers) or none at all; 2—Aapa bogs without evidence of freezing. 
Elevations more often have oligotrophic vegetation, depressions eutrophic or mesotrophic; 
3—Bogs predominantly of raised sphagnum type and those which replace the sphagnum 
type in districts with a maritime climate (flat-raised bogs, those which cover the terrain, 
and so forth). Everywhere in the center of the bog area vegetation is oligotrophic, except 
at the periphery. On the drier places the coniferous trees form a story, grow singly, or are : 
altogether absent; 4a—Area where bogs are predominantly of differing eutrophic types 
having forest, moss or herbs. Secondary participation by raised bogs here and in areas 4b and 
4c. These are continental type raised bogs both in area 4b and 4c: that is, they have pine 
and sphagnum and the centers are usually forested. Of the eutrophic bogs here, character- 
istic ones are forest bogs with coniferous or narrow-leaved trees (Betula pubescens) and 
also, west of the Urals, Alnus glutinosa; 4b—unlike area 4a, this area has widely dis- 
tributed eutrophic bogs with tall herbage but some hypnum mosses; 4c—widespread 
hypnum and forest eutrophic bogs; 5—Area of various types of eutrophic bogs. Raised 
bogs are lacking or very rare; 5a—area of widespread and especially characteristic forest 
eutrophic bogs with conifers and deciduous trees; 5b—area of widespread and character- 
istic forest bogs with an abundance of broad-leaved trees; 5c—regions in which, in ad- 
dition to bogs with tall herbage, especially characteristic types are forest eutrophic bogs ’ 
with Taxodium distichum, Nyssa silvatica and Liquidambar styraciflua; 5d—areas where 
fresh-water bogs predominate, having tall herbage and in which there are secondary 
forest bogs, especially in western Siberia. In Eurasia they usually have only narrow-leaved 
trees (birch) and also, west of the Urals, European alder. Conifers, however, are extremely 
rare and when they do occur it is only on oligotrophic bogs; 5e—areas in which predominant 
types are fresh-water bogs with tall herbage and mineralized bogs, which greatly increase in 
number toward the south. Other types of eutrophic bogs play no part. Trees are encountered 
only exceptionally on the bogs; 6—Bogs of mountain ridges, slopes, basins and valleys. 


lowlands, level marine terraces and similar for- Europe and Western Siberia is similar. Because 
mations which le in a temperate climate are of the level relief, the zone system is clear. We 
often occupied by large numbers of peat bogs. will consider both areas together. On the tundra 

The distribution of bogs on the plains of and in the northern forest zone swamping 1s 
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xtensive. Here, from north to south, are found: 
) The zone of Arctic mineral sedge bogs, in 
hich the peat layer comprises several deci- 
aeters. The surface is often shattered by frost 
racks into tetragons or other polygons. Arctic 
pecies predominate among the flowering plants. 
') The zone of bogs with low, flat frozen peat 
aounds covered with tundra mosses and lichens. 
3etween the mounds are frozen sedge-moss 
arshes. 3) The zone of bogs with large frozen 
eat mounds and thawing marshes. The vegeta- 
ion differs little from that of the flat-mound 
ogs. 4) A zone of raised sphagnum bogs lies to 
he south within the forest zone. On their sur- 
aces, low peat ridges or hillocks alternate with 
arshes. The sphagnum mosses are predomi- 
‘ant and the few flowering plants, chiefly arctic 
pes such as the heath family (Hricaceae), the 
dges, the cloudberry (Rubus chamaemorus) 
re, like the trees, stunted. Pine (Pinus silves- 
ris) is the predominant tree, while in western 
jiberia the Siberian stone pine (Pinus sibirica) 
3 also found. Peat formation is at a maximum 
ere. 5) Further south there is a fifth zone in 
hich eutrophie bogs of various types predomi- 
iate. There are few raised sphagnum bogs of 
he continental type having a pine story (Pinus 


Fig. 2—Distribution of bog types in North America. (Map symbols as in Fig. 1). 


silvestris), Hricaceae and Eriophorum vagina- 
tum without marshes or ridges. Further to the 
south, in the zones of the forest-steppe and 
deciduous forests, lies the zone of the eutrophic 
bogs and peat bogs which are mostly herbaceous 
and support reeds (Phragmites communis) and 
large sedges in the river valleys. These are 
constantly or occasionally flooded. Sedge-Hyp- 
num bogs are encountered at unflooded places 
in zones 4 and 5. European alder stands are 
characteristic of forest bogs but do not occur 
in western Siberia. Finally, in the steppe zone 
further to the south, fresh and salt bogs pre- 
dominate, with reeds (and also with Typha and 
others) and aquatics. There are local spots of 
solonchaks. Here evaporation greatly exceeds 
precipitation, organic deposits are formed only 
in constant water-accumulating areas and sur- 
face peat is rare. 

In the central belt of Europe and western Si- 
beria, east-west zonality is quite pronounced. 
In England the peat bogs on the hills cover the 
uneven spots in the relief like a mantle. They 
are almost devoid of sphagnum cover, but are 
covered with Scirpus caespitosus and Erio- 
phorum vaginatum and dissected by natural 
eroded gullies. This is the oceanic type, where, 
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at low levels, there are raised bogs. The mari- 
time type with no abrupt rises is further east, 
in southwestern Sweden. It is often without 
sphagnum cover but has cotton grass (Hrio- 
phorum vaginatum), heather (Calluna) and, 
because of mild winters, weakly developed 
ridges and marshes. At mid-continent they are 
replaced by typical raised sphagnum bogs with 
ridges and marshes under the cold-winter con- 
ditions extending eastward as far as the Yenisey. 
Their vegetation changes somewhat. For ex- 
ample, Calluna vulgaris does not extend to the 
bogs of the eastern White Sea. Thus, from west 
to east, a number of raised bog types can be 
found. East-west zonality depends on the in- 
crease in continentality toward the east. The 
specific characteristics of European bogs as a 
whole are as follows: 

1. The zone of the tundra and the belt of 
frozen bogs are narrow, while the zone of polyg- 
onal bogs is pronounced only in the north- 
eastern part of the continent. 2. The zone of 
raised bogs, as in Western Siberia, is continuous 
and 500 to 1000 km. wide and there is maximum 
occurrence of peat. Therefore, the percentage 
of peat cover in Europe as a whole is higher 
than that of other continents. These charac- 
teristics relate to climatic conditions, but in 
the final analysis they depend on the physical 
geography of the continent. Almost all of Eu- 
rope lies in the Temperate Zone. Its shore line 
is severely dissected and the seas extend far 
into the continent. The European forest zone is 
a region of moist western winds which encounter 
no obstacles in the form of mountain chains. All 
this, together with the effect of the Gulf Stream, 
provides the plains of Europe with a moist, 
temperate climate favorable for peat and raised 
bog formation. Most of the raised bogs are 
distributed within the limits of the last glacia- 
tion where the peat cover is higher. There are, 
however, raised bogs outside these limits and 
greater numbers of peat bogs in forest regions 
(the Pripyat’ basin, the Meshchera lowland, 
and others). In western Siberia the frozen bog 
zone is broader than in Europe, since the con- 
tinent extends farther north. Here, unlike Eu- 
rope, the polygonal bog zone is quite pro- 
nounced. A specific characteristic of this area 
is extensive peat coverage which is greater than 
elsewhere in the forest zone. The interfluves 
are often almost continuously occupied by enor- 
mous sphagnum peat bogs. Therefore, caused by 
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the level terrain of the country, the peat covel 
of western Siberia is twice as great as that o 
eastern Europe. Further, because of insufficien’ 
drainage in the postglacial period, that part o| 
the country in which most of the peat bogs ar’ 
distributed is to this day an undrained lowlan¢ 
boggy forest area. In Europe the ancient fores 
bogs have long since undergone natural drain 
age, while the young undrained forest bogs ari 
partly distributed where the climate is less fa) 
vorable for raised bog development. Unliki) 
Europe, most of the peat bogs in western Sii 
beria, including the raised ones, lie not onl 
south of the boundary of the late Quaternary) 
glaciation, but south of the boundary of maxi} 
mum glaciation. Western Siberia sphagnum pea’) 
bogs are spotted with numerous secondary lakes 
and vast marshlands and are dissected by nar 
row ridges with stunted pine. They represent) 
a special regional type of bog. \ 


Central and Eastern Siberia 


East of the Yenisey the permafrost and the) 
harsh climate from the Arctic Ocean south te 


and the usual western Siberian types of bogs 
taper out. The importance of the polygonal bogs) 
east of Chaun bay and south of the 69th paralle ; 
probably decreases on the level arctic tundra.) 
Flat peat mounds evidently extend to the areal 
of the Kolyma and Alazeya Rivers, while far-) 
ther east they are replaced by mineral mounds.) 
Large peat mounds are not typical east of the’ 
Podkamennaya Tunguska River. East of the} 
Lena River, in the less continental level tundra,| 
special hillock-type tundra with Eriophoria\ 
vaginatum is widely distributed, sometimes with} 
sedges and often with sphagnum on peat-clay) 
soil. On the Chukotskiy peninsula the flat, 
frozen bogs are mineral, sometimes with peat, 
sphagnum with cotton grass and arctic sedges, | 
level, or with dissected microrelief, partly be-) 
cause of the frost cracks. The bog cover of the 
flat tundra and forest tundra beyond the Yeni- | 
sey is extensive, but there is little accumulation) 
of peat. Acenmilaiiann increases, however, closer!) 
to the Pacific Ocean, where sphagnum ‘mosgal 
are more widespread. On the intermountain | 
plains of the sparsely forested, northern taiga | 


I 


| 
| 


oo the Yenisey and the Kolyma, the taiga 
js often waterlogged and many bogs are evi- 
ig frozen. They are partly of the sphagnum 
“ype, but little is known of them. In the middle 
Lena basin the taiga is slightly swamped and 
‘there are few bogs or peat bogs. The latter are 
small with little peat; they are partly of the 
sphagnum type with pine and larch. There are 
ittoral-aquatic bogs and sedge and Calamagros- 
tis bogs. The mountainous region of the western 
wtibutaries of the Amur and the upper and 
niddle courses of the eastern tributaries of the 
Lena have many bogs (in the east, up to 20% 
of the area). Here the usual picture is of forests 
pi sparse and stunted Dahurian larch (Larix 
dahurica) with sphagnum cover, permafrost, 
ind a small,amount of peat. These forests go 
over imto sphagnum bogs with low, sparse 
larches or with frozen mounds and mesotrophic 
and eutrophic marshes, and in addition to the 
iretie species (Hriophorum vaginatum and also 
the small cranberry) there are eastern Asiatic 
ee (Betula ovalifolia Rupr.), eastern Si- 
perian species (Betula Middendorfii Trautv.) 
Re American-eastern Asiatic species (Smilacina 
trifoliata). The ocean effect is evident even in 
fae idzhan: The sphagnum peat bogs here are 
without frost and sometimes have a continuous 
pover of olgotrophic vegetation. They are 
slightly convex, with the peat rising 3 m. above 
the sphagnum moss. On Sakhalin Island and 
the Kamchatka Peninsula at the shoreline of 
the Sea of Japan are typical raised bogs or 
byen bogs which are peculiar to the very pro- 
ounced maritime climate. Vast oligotrophic 
beat bogs in some places almost completely 
sover the watersheds like a mantle on the high 
and low marine terraces of western Kamchatka, 
pn northern Sakhalin and the Tym’-Poranay 
lowland of Sakhalin. The vast ‘marshes are 
bften almost devoid of sphagnum moss or are 
yecupied by small lakes. On the drier marginal 
slopes of the bogs the sphagnum forms a con- 
inuous carpet. The peat bogs of western Kam- 
thatka have no trees. On Sakhalin the sparse 
‘arches grow only in dry locations. The peat 
om Sakhalin is up to 4 to 6 m. thick and is 
shiefly sphagnum. On Kamchatka, sphagnum 
peat makes up a smaller part of the waste 
‘and. On northern Sakhalin and on Kamchatka 
aorth of the Icha River, frozen peat mounds 
ire encountered. On the Kamchatka peat bogs, 
‘n addition to the usual subarctic plants (Hm- 
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petrum nigrum and others) there are wide- 
spread tundra plants (Carex rotundata and 
others), eastern Asiatic species (Carex Mid- 
dendorffii Fr. Schm.) and American-eastern 
Asiatic species (Carex cryptocarpa C. A. M. 
and others). The peat bogs of western Kam- 
chatka and Sakhalin and those of the Atlantic 
foreland in Europe are alike with respect to 
the lack of forests, the mantle-like peat cover 
and the degradation of the sphagnum. On the 
shores of the Sea of Japan there is little moun- 
tain relief and few peat bogs. Here small raised 
peat bogs are described. The peat bogs of south 
eastern Kamchatka are mostly mesotrophic, 
often having masses of Myrica tomentosa. In 
central Eurasia there is clearly pronounced east- 
west zonality and east-west or Pacific-Atlantic 
symmetry becoming evident as follows: In the 
center of Eurasia, beyond the Yenisey, the 
permafrost causes extensive surface swamping, 
but there are not many peat bogs and no typical 
raised bogs. Regions adjacent to the ocean have 
a temperate climate and no permafrost. On the 
plains there are vast peat bogs often forming 
whole “peat basins.”’ Raised peat bogs predom- 
inate, but where the maritime climate is more 
distinct peat bogs cover the terrain. This sym- 
metry corresponds to the Pacific-Atlantic dis- 
junction of the species. In the west there is 
Myrica Gale, in the east the similar Myrica 
tomentosa. Sphagnum tenellum Pers and S. im- 
bricatum Russ. are indigenous especially to both 
maritime regions. The Atlantic Ocean’s effect 
extends far to the east, and the European- 
Western Siberian region of raised peat bogs is 
vast. The Pacific Ocean’s effect is very limited 
and the Pacific maritime region occupies only a 
narrow littoral belt and the adjacent islands 
and peninsulas. 


North America 


In the tundra zone and the adjacent part of 
the North American taiga zone, the frozen bogs 
are similar to those of Europe and Siberia. 
Polygonal bogs, bogs of the type intermediate 
between them and the flat-mound type and 
bogs with melting marshes and frozen mounds 
(the higher the mounds, the flatter they are) 
all have their analogs in Eurasia (5, 7, 8, 10, 
15). Bogs of the latter type (sometimes with 
Picea mariana) also extend far southward into 
the conifer zone, as do the frozen bogs with 
Larix dahurica on the northern taiga of central 
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Siberia. As in Eurasia, the tundra and sparse 
forest zones of North America are strongly 
and superficially swamped (almost to the extent 
of 40% in Alaska) (4). Not only the plains, 
but also the slopes become swamped. In the 
center of the continent at the dividing line be- 
tween forest and steppe zones, tundra bogs are 
replaced by peat bogs which are frozen in some 
places and overgrown with Larix americana, 
Picea mariana and dense Ledum groenlandicum. 

Under dry climatic conditions in Alberta 
these peat bogs dry out and the sphagnum 
carpet often disappears (2). Nearer the oceans 
and south of the tundra are the Pacific and 
Atlantic regions of raised bogs (38). The Pacific 
region occupies a narrow maritime plain from 
the state of Washington to Alaska, along the 
valleys of rivers flowing near the shore (espe- 
cially the Fraser River), Vancouver Island, 
Prince Rupert and other islands, and southwest- 
ern Alaska. On Vancouver and in the Fraser delta 
the bogs are of the continental type, slightly 
raised, fairly dry and locally timbered with 
Pinus contorta and Tsuga heterophylla with 
thickets of Ledum groenlandicum more than 
two meters high. Below this are Sphagnum 
fuscum, lichens and Pleuroziwm (14). Owing to 
mild winters there are no clear alternation of 
hillocks and marshes on the bog surfaces. North- 
ward along the shore the humidity increases, 
and in Alaska the peat bogs cover the relief 
continuously, as in the Atlantic foreland of 
northwest Europe (4). There is much Scirpus 
caespitosus and Hriophorum vaginatum here 
and the bog surfaces do not have sphagnum 
hillocks. Raised bogs with sphagnum hillocks, 
depressions between the hillocks and secondary 
ponds are found in places where there is less 
precipitation in Alaska. The Atlantic raised bog 
region extends along the ocean from Maine to 
Quebee and as far west as Minnesota in the 
Great Lakes region (2, 13). There are raised 
bogs of the continental type in the center of 
Maine, with Sphagnum fuscum and without 
clear alternation of hillocks and marshes, but 
with trees (Picea mariana, partly Larix, some- 
times Pinus Strobus) especially around the 
edges, and thickets of shrubs especially Cas- 
sandra species and also Lednum groenlandicum, 
Kalmia angustifolia and others. Somewhat fur- 
ther north and closer to the ocean the raised 
bogs are more typical, with steep, dry peripheral 
slopes and a central “plateau.” The vegetation 


No YA: 


KATS 


changes little. However, in New Brunswil 
Sphagnum fuscum shares the dominance with) 
rubellum, as do the heathers with Scirpus cay 
pitosus (6, 13). Here there is more Empetri 
nigrum and Rubus chamaemorus. These ¢ 
the characteristics of bogs of the moister a 
colder (summer) climate. They are even m¢ 
pronounced in Novia Scotia (12). The bogs he 
are flat with few trees, but with depressions a’ 
hillocks or ridges (although it is true that th 
are obviously more weakly developed than | 
the Temperate Zone in Kurope). In addition 
Sphagnum fuscum and others, there is 
marine Sphagnum imbricatum. Thus on bo} 
shores from north to south, the bogs with t/ 
characteristics of the maritime climate are 
placed by the continental shrub-supporting ty) 
of bogs. The same change occurs on movi 
from the Atlantic ocean to the interior of t) 
continent to the north of the Great Lake 
Here, the vast contjnental bogs are slight) 
raised and are covered with Picea mariana ar 
shrubs. 

South of the raised bog zone lies the eutroph 
peat bog zone, which is divided into an eastei 
and western part by prairies (38). On the Aj 
lantic coast from New York state to Dako 
and Nebraska the eutrophic bogs are coveré 
by broad-leaved trees: Acer rubrum, Ulmi 
fulva, U. americana, Fraxinus mgra, Querci) 
palustris, and sometimes Thuja occidentalir 
Larix americana and Tsuga canadensis. Juglay 
nigra, Magnolia acuminata, Nyssa silvatic’ 
Carya cordiformis, Lyriodendron tulpifera av 
many shrubs—Virburnum spp., Vaccinium co? 
ymbosum, V. atrococcum, Clematis virgimani 
Ilex spp. and others are also found. Such bo 
are alien to Europe. A second region of pez 
bogs occupies the ocean-front terrace fro 
Florida to Virginia. The well-known Dism 
Swamp extends from North Carolina to Vi 
ginia. It is 2200 square miles and covere 
mostly with Taxodinum distichum, forming aci 
peat, and partly with Chamaecyparis thyoidl 
Pinus taeda and evergreen shrubs. Nyssa sii 
vatica, Liquidambar styraciflua and othe 
broad-leaved types grow on the drier location: 
South of the Dismal Swamp, in Florida, ther 
are vast bogs with Cladiwm effusum and others 
The Pacific shore is the region of flooded bo 
with tall herbage and reeds with different spy 
of Scirpus and sedges. These bogs are locate 
in the interfluve areas of Oregon, Californi 


and Washington (3). The canes and rushes of 
ipeat and underlying sapropelic peat obtain nu- 
trients from the mineral-containing water. Tall- 
herbage bogs with Arwndinaria are also located 
jon Mississippi alluviums. 

| The distribution of bogs in North America 
|depends on the climate. The continent is shaped 
so that it has a broad front on the Arctic Ocean. 
From there is a great expanse of the frozen bog 
zone, In the central belt there are prevailing 
westerly winds. However, the moisture they 
bring is held back by the mountains. The At- 
lantic Ocean’s effect does not extend far to the 
‘west. Therefore there is a large prairie area 
here. Because of the tundra, prairies, and also 
‘mountain chains there is a decrease in the per- 
‘centage of area covered by bogs in North 
America as compared to Europe, since the 
‘center of the continent has relatively few peat 
bogs. They are grouped nearer the oceans and 
the raised bog zone is interrupted in the center 
lby the approaching tundra and steppe. Unlike 
‘those of Europe and Western Siberia, the raised 
lbogs of eastern America are located wholly to 
ithe north of the last glaciation boundary. The 
North American raised bogs are generally 
‘covered with shrubs, often have trees and are 
of the continental type. In the northern ocean 
foreland regions where the climate is moist, mild 
(winters do not alow such development of ridges 
‘and marshes as in the raised bogs of Europe. In 
‘southeastern Canada the climate is more favor- 
lable for the development of ridges and marshes. 
Im the most moist climate the bogs are lke 
those of Europe which “completely cover the 
terrain.” In the taxodiaceous bogs, which have 
mo European analogy, the trees are represented 
by genera and even by families which are ex- 
tinct in Europe and are known there only in 
Tertiary (Neocene) deposits. The Tertiary 
character of these bogs is very clearly expressed 
(11). Tertiary types of trees which are extinct 
in Europe grow on bogs having broad-leaved 
forests. Huropean genera are represented here 
only by species alien to Europe. With respect 
to the flora, the raised bogs are most similar to 
hose of Europe; the species of sphagnum are 
the same as those in Europe. There are in ad- 
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dition to the European species of herbs and 
shrubs many species and sometimes even genera 
alien to Europe. The trees here consist entirely 
of species alien to Europe. Among them are 
some Tertiary genera extinct in Europe. 
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BASIC FACTORS DETERMINING ADSORPTION 
AND EXCHANGE OF IONS IN SOILS 


V. I. Lebedev, Leningrad 


INCE publication in 1916 of K. K. Gedroits’ 

(8) classical work showing the exceptional 
importance of adsorption and exchange prop- 
erties of soils for soil fertility and formulating 
the principal empirical laws of these prop- 
erties’, a number of hypotheses have been pre- 
sented attempting to explain the adsorption and 
exchange properties of soils. The greatest pop- 
ularity has been obtained by G. Weigner’s hy- 
pothesis of hydrated ion adsorption, which 
considers the strength of adsorption imversely 
related to the size of the hydrated shell (5). 
Less well known are several other hypotheses 
attributing greater importance to polarization 
(28, 24, 6). 

However, detailed investigations have shown 
that consistent use of Wiegner’s hypothesis leads 
to serious contradictions (10, 11, 20). From 
contemporary ideas on the nature of chemical 
bonds (22, 14), it is easy to show that the idea 
of polarization is also inadequate. So the ob- 
servation appearing in one of the contemporary 
textbooks on soil science is fully justified, that 
the empirical laws of adsorption exchange are 
sufficiently reliable, but “the principles are not 
satisfactorily explained” (6, p. 189). 

Among the unsatisfactorily explained prin- 
ciples are not only differences in the adsorption 
or exchange energies of cations, but m general 
the ability of collodial material to adsorb ions. 
The further explanation of these processes, 
based on energetic considerations of geochem- 
istry (14), 1s the purpose of this article. 

In recent years as a result of x-ray and 
electron diffraction and electron microscopic in- 


*K. K. Gedroits established the following series 
of cations arranged according to intensity of ad- 
sorption (exchange) : 

Li < Na < NH. < K < Mg <'Rb 

<< 1Cay <) Cd <a CO agAll <= Eh 
and showed that “energy of adsorption (or dis- 
placement) is a function of valence and atomic 
weight. With the increase of either one it is 
higher.” But hydrogen has a higher energy of 
adsorption than divalent metals (8, 9). In a num- 
ber of works by other authors these rules have 
been confirmed and refined (1, 5, 27). 


vestigations, great advances have been made 1 
the study of structures, sizes and shapes of th 
more important groups of natural colloid 
materials—clay minerals—kaolin, montmoril 
lonite, hydrous mica, and so forth (11). Thus 
in contrast to structurally analogous and si 
ilarly composed minerals to other, for mstance 
hydrothermal origin (pyrophyllite, tale, chle 
rite, and so forth), it has been shown that hy 
pergenic minerals are unique. This uniquenes 
consists in “an interesting fact, not yet properly 
explained” (18, p. 97)—the absence of neutra’ 
hydroxy-alumino-silicate cells. This determine; 
the inherent exchange -properties of these mini 
erals. . 
Different minerals exhibit different adsorp: 
tion exchange capacities, depending on i 
composition, structure, and conditions of for: 
mation. Most natural compounds (particularl 
the previously listed minerals) take on a nega: 
tive charge and adsorb cations, but some com 
pounds (aluminum hydroxides, iron oxides ane 
others) take on a positive charge and adsork 
anions. It is clear that montmorillonite has ar 
extremely high exchange capacity and its par; 
ticles may possess a very large total surface 
area’. This is due to the fact that erystals of 
montmorillonite, consisting of three-layer pack- 
ages, are able to adsorb water and cations be: 
tween the packages. This leads to a considerable 
increase in the volume and the possibility of 
splitting the thick plates into single package: 
(11, p. 148). 

In water, and even in the air-dry state, the 
colloidal particles are surrounded by a wate1 
film which is bound to the surface by Van der 
Waals forces, on which are superimposed elec- 
trostatic forces equal to the number of unit 
changes on the particle. Thus, the colloidal par- 
ticles in water are hydrated, that is, surrounded 


°The maximum exchange capacity of mont- 
morillonite is one univalent cation per unit cell, 
that is, per formula AlSisO;.(OH)s:nH2O and pet 
volume a X b X c= 52 X 89 X 96 (15) A = 
444 A* Usually, its exchange capacity is one-third 
to one-half of this. 
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TABLE 1 
Tonic radii, energetic coefficients (25), and hydration energies 
Hydration Hydration 
energy, kcal. ee energy, kcal. Say 
fe er i ry 
Ton Radius, A Ex , kcal. Bi Geir Ton Radius, A Ex , kcal. of waten 
per per | molecules per per molecules 
gram- | mole gram- mole 
ion E20 ion H20 
1 2 3 4 5 6 1 2 3 4 5 6 
Lit 0.78 140-8 || 125. | 31.2 4 F- 1.33 94.8 | 113 | 18.8 6 
~ Nat 0.98 115.2 | 100 | 16.6 6 Clie 1.81 64.0 79 9.9 8 
Iga ihe} 92.2 80 | 10.0 8 Br- 1.96 51.2 72 9.0 8 
Rbt 1.49 84.5 74 9.2 8 de 2.20 46.1 63 7.9 8 
Cst 1.64 76.8 63 7.9 8 (olay 0.0 281.7 | 263 — _ 
Mgtt 0.78 537.8 | 470 | 78.3 6 NH, 1.43 94.8 79 9.9 8 
Cat 1.06 448.2 | 375 | 62.5 6 OH;* 1.12 — 902 | 11.2 8 
SIE 1.27 391.9 | 338 | 56.3 6 OH; 1.33 94.8 | 116 | 14.5 8 
Bat* 1.43 375.8" | 3812) 1) 52.0 6 
4 The hydration energy of H;0* has been recalculated from the affinity of H.0 for protons given by 
sriegleb (29). However, the same value is also obtained when the ionic radius is used. K, P. Mishchenko 
16) determined the hydration energy of hydronium to be 110 keal., Van Arkel (3) 83 keal., and K. B. 


‘atsimirskiy 75 keal. 


‘y molecules of water, part of which are ori- 
nted, before the adsorption of cations, with 
heir positive dipole toward and their negative 
ipole away from the micelle. Ions of alkali and 
lkaline earth metals have a positive charge and 
te also hydrated, but with the positive dipole 
f.water toward the outside. 

Electrostatic attraction immediately arises be- 
ween negatively charged, hydrated colloidal 
iicelles and positively charged hydrated cations 
resent in the same solution. At first this at- 
raction acts through a water film. But because 
he force between charged particles is inversely 
(roportional to the square of the distance be- 
ween them (each molecular layer of water has 
minimum thickness of 2.6-2.7 A, which greatly 
reakens the interaction in spite of the dipole 
ature of the water molecule), there is a tend- 
ney toward direct contact of the colloidal par- 
eles and cations. This tendency leads to the 
jection of the molecule of water separating 
article and ion in the same way that this 
appens at the instant of crystallization of any 
ilt®. Energetics decides whether or not such 
jection takes place. Only if the direct interac- 
ion of the particles, more exactly their active 
amters carrying the negative charge (for ex- 


*The energy of crystallization of salts from 
later solutions is insignificant, usually several kilo- 
ilories per mole. Sometimes as with LiCl, it is a 
agative quantity—energy is required for crystal- 
zation. 


ample, O°), with the cations has some energetic 
advantage over the strong interactions of the 


. particles and cations with water plus their weak 


interactions with each other through the hy- 
dration film, will the separating molecules of 
water undoubtedly be ejected. 

Without considering in detail the energies of 
interaction of colloids with water and the en- 
ergetic role of ions in crystalline matter de- 
pending on charge, size, and electrostatic forces, 
it is necessary to point out that the hydration 
energy of cations is considerably less, of anions 
considerably more, than the energy of introduc- 
ing them into the crystal lattice (Table 1, com- 
pare columns 4 and 3). This is connected with 
the distribution of dipole charges im water 
molecules (16, p. 1742) and certainly is an 
important factor controlling the ability of col- 
loids to adsorb cations. From this it follows that 
the crystalline state is energetically more favor- 
able for cations than the hydrated state (for 
anions, the opposite is true). Therefore, if the 
hydration energy of the colloid is less than the 
difference between the energy of the cation in 
the crystal lattice and its energy of hydration, 
the hydration shell of the cation is broken and 
the cation enters into a colloid ion bond. From 
the data presented in the table and the small 
values for hydration energies of colloids*, this 


“The heat of hydration of silica gel, for in- 
stance, is 2.3 kilocalories per mole of combined 
water (20, p. 85). 
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is quite true, and we may consider that the 
adsorbed cations are combined directly with the 
colloid and not through a hydration film. Keep- 
ing in mind that different cations have different 
hydration energies (Table 1), we should expect 
that the higher the latter, the more energy will 
be required to separate part or all of the water 
molecules from the cation; thus, the less tightly 
will the cation be adsorbed by the colloid, and, 
conversely, the greater its tendency to go into 
solution—to hydrate completely. From values 
in the table (columns 4 and 5), it is easily seen 
that if Na* is in the adsorbed state and a solu- 
tion of KCl is added, Na* will tend to become 
completely hydrated as a result of the higher 
hydration energy for Na* than for K*, and K* 
will replace Na*. Here we have the basis for 
different exchange energies shown by different 
cations on the same colloid. We must mention 
that this applies fully only to elements which 
exist as ions in solution and in the erystal lat- 
tice, such as alkalies, alkaline earths, halides, 
and a few others. 


This view is supported by the following sim- > 


ple experiment. A chernozem was taken and 
divided into two portions. By continued treat- 
ment of one portion with NaCl, the other with 
CaCl, , two samples were prepared, saturated 
with Na and Ca, respectively. Equal amounts 
of the dried and ground samples were placed in 
test tubes, into which were inserted the ends of 
a differential copper-constantan couple, con- 
nected to a galvanometer. After the samples 
came to room temperature, the same amount 
of saturated BaCl, solution was added to the 
tubes. Wetting and exchange of Na for Ba and 
Ca for Ba, respectively, began. Because of a 
more intensive exchange of Na for Ba than Ca 
for Ba, as expected, the galvanometer deviated 
from zero, showing that a more intensive exo- 
thermic reaction took place in the tube with Na 
saturated chernozem than in the tube with Ca 
saturated chernozem. The empirical series for 
increasing adsorption: 


Li< Na < K <("NH, @ Rb <. Cs: 
Mor Ca isn Ba 


Coincides with the series for decreasing hydra- 
tion energies: 


li SNe KS NES Rb Ce 
Mg > Ca > Sr > Ba. 
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Naturally we expect that the larger the io 
the smaller its hydration energy, and the le; 
energetically it will , ass into the hydrated sta 
Consequently, large organic cations must, é 
has often been shown (18, p. 118), have a hi 
adsorption stability. It stands to reason th 
all this is probably so if the energy bondin 
cations to colloids is not strictly equivalent 
changes in the tabular values for ionic radiu 
Indeed, it is so. 
In geochemistry there is a well known ruj 
that in exchange reactions those combinatio: 
are most favored in which large cations al 
combined with equally large anions (or compli 
anions), and small cations with equally sm 
anions (21, 30). This occurs because of th 
energetic effect of packing, arising from the fa 
that the total interatomic distance is less in th 
case than with a large cation and small anior 
and so on. For example, the sum of interatomi 
distances in the pair NaCl + KF = 5.472 i 
but in the pair NaF + KCl = 5.442 A. Thi 
decrease in distance, 0.036 A, corresponds to. 
gain in Coulomb energy of 11.9 keal., not cor 
sidering the force of repulsion, which lessens 1 
According to thermochemical data it is 7. 
keal.’ Cation exchange occurs in this directio 
Larger cations tend to combine with giganti 
“anions—colloids”, and smaller cations wit 
smaller “anions’—dipole molecules of water. — 
The more intense adsorption of divalent ca 
ions, compared to univalent cations of the sai 
size, is caused by the greater effeetiveness ¢ 
the electrostatic energy joining the former wi 
colloids (carrying many electron charges) th 
with water, which has a dipole moment that - 
insignificant in comparison with the electroni 
charge. Analogously, in forming stable e 
pounds in nature, multivalent elements tend ~ 
form oxygen compounds with multivalent anic 
complexes, while alkali metals form compouno 
with halides. 
Thus, in exchange reactions of cations 0 
colloids, charge and hydration energy are th 
deciding factors. The higher its hydration energ 
at the same valence, the more firmly the io 
is held in solution and the less its energy 
adsorption. The less its hydration energy i 
solution, the greater its energy of adsorption. 


5’ We mention that this effect contradicts # 
hypothesis of polarization. Polarization, whic 
leads to higher bonding energy, must he highe 
with the pair NaCl + KF. 


j 
‘ 
: 


FACTORS DETERMINING ADSORPTION AND EXCHANGE OF IONS 


| Confirmation of this hypothesis appears in its 
ility to explain the role of hydrogen. Accord- 
¢ to K. K. Gedroits, hydrogen has a high 
ela ability and an adsorption energy ex- 
eding those of divalent ions (9). This is not 
keeping with its valence, size, or hydration 
ergy (Table 1). However, because of the very 
igh affinity of water molecules for protons, 
ual to 184 keal. (29), we seldom have H* in 
lution, but H,0*, oxonium®’. Moreover, H* can 
ater the electron shell of atoms having a free 
ectron pair (donor-acceptor combination). 
‘his takes place with N and O in the formation 
f ammonium and oxonium from the neutral 
olecules NH,—ammonia, and H,O—water. 
‘ven more it must take place with the surface 
been ions of colloids—O™, which have nega- 
| e charge and two free electron pairs. Thus, 
1e role of hydrogen may be two-fold. 
At present, we may consider it an established 
vet that hydrogen as an exchange cation occurs 
y in the form H,O*—oxonium. For example, 
was shown (4) that hydrogen and potassium 
turated montmorillonites have the same effect 
a the color of methylene blue (Na, Mg, and 
a show different effects, because they have 
gnificantly different values of z/r.), and the 
rect conclusion was drawn, that “the ex- 
lange cation on montmorillonite is difinitely 
ot H*, but oxonium, H,0*.” 
If hydrogen as an exchangeable cation occurs 
: oxonium, then its role will be determined by 
ie hydration energy of H,0*, but not H*, also 
H,*. It is important to note that the hydra- 
nm. energy of H,O* is intermediate between 
1ose of Na* and K*. Therefore it was no ac- 
dent that in ion exchange experiments on NH, 
turated kaolinite and montmorillonite (11, pp. 
32-183, diagrams), hydrogen had an inter- 
ediate exchangeability between Na and K 
Na < H < K). 
But hydrogen may enter into the oxygen ions 
mposing the colloidal particles. In this case 
charge on the particle is neutralized and its 
stential reduced. According to the old termi- 
dlogy, hydrogen enters into the potential de- 
mining layer of the micelle. As a result, a 
valent bond arises between O and H, which 
stronger than the covalent bond between O 
id Al. Since the most energetically favorable 


‘©The equilibrium constant HzO + H* = H,0+ 


10 (31, p. 19), that for Ht + OH- = H.O is 
3X 107°. 
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state for oxygen is with one ionic and one co- 
valent bond—O- (12), in this case the cova- 
lent bond between Al and O must change to 
ionic and be weakened. If, however, there is 
already an ionic bond between Al and O, that 
is, Al occurs as Al***, its weakening results from 
neutralization of O ~~ (with formation of OH). 
As a result of this, some Al may go into solution 
and then replace exchangeable cations. Con- 
sequently, the effect of acids is not simply a 
replacement of metals by H*, but at the same 
time Al and Fe are usually observed in solution 
(26), and the exchange capacity is reduced 
(19) p. 1145 18) po 115, Table 1). 

From what has been said it is clear why only 
after much investigation and discussion the con- 
clusion was reached “that the popular view of 
hydrogen as a strongly adsorbed ion on soils is 
a result of errors in the method of determining 
it in the presence of aluminum. V. A. Chernov, 
on the basis of his method for simultaneous de- 
termination of aluminum and hydrogen, showed 
that the relative adsorption of hydrogen was 
less than that of divalent ions” (10, p. 61). 

In passing, we mention that the dual role of 
hydrogen greatly affects the behavior of Al and 
Fe in soil forming processes. When hydrogen 
forms H,0*, it promotes flocculation, preserva- 
tion of collodial minerals, and so on. But when 
hydrogen combines with the oxygen of the 
colloidal mineral, it enables Al and Fe to go 
into the solution and decomposes the lattice of 
these compounds. The degree of decomposition 
is determined by the conditions confronting Al 
and Fe in solution. They may play the role of 
exchange cations, in which case there occurs 
only a slight reorganization of the colloidal par- 
ticle. Or they may form complexes with organic 
acids more exactly with their anions, such as 
the fulvate radical. Then they may be carried 
out in leaching water, such as occurs in pod- 
zolization (17). In this case the colloidal par- 
ticles are rapidly broken down. 

We now return to a consideration of the “in- 
teresting fact, not yet properly explained” (18, 
p. 97)—the persistence of uncompensated neg- 
ative charges on minerals formed under hyper- 
genic conditions. 

In examining this phenomenon, two facts 
have decisive significance. First, the most char- 
acteristic feature of the structure of clay min- 
erals, unlike those endogenic origin (such as 
feldspar, which is not stable under hypergenic 
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conditions and is not formed according to the 
rules of closest packing), is their complete com- 
pliance with the rules of closest packing (2) in 
the arrangement of atoms on the crystal faces 
compared with the usual loose packing of such 
crystals (13). Second, in the formation of new 
crystalline material at low temperature and 
pressure, such as characterize hypergenic proc- 
esses, the inclusion of some quantity of hydro- 
gen atoms is unavoidable. They may occur as 
neutral OH groups combined with silicon or, 
perhaps, as H.O combined with aluminum in 
place of the OH” group. 

The first fact provides that ions larger than 
0.9 A, such as Na, K, Ca, and others, cannot 
enter into the structure of the crystals. Con- 
versely, together with Si and Al, the “imma- 
terial” ion H*, also Li*, Mg*, and others enter 
easily into such crystals. 

The second fact provides that most of the 
entering OH and H.O groups later dissociate to 
split off H* under the influence of the total 
potential of the lattice or of a changing medium. 
As a result, there is a persistent negative charge 
in hypergenic minerals. The magnitude of the 
charge may change, as shown by the well-known 
phenomenon of buffering. 

The entry of hydrogen atoms into the lattice 
is possible because silicic acid is very weak 
(holds hydrogen ions very firmly) while alumina 
has an amphoteric nature. Therefore, in the 
tetrahedral layer some Si atoms may ie 
placed by H atoms and we may have: O—Si— 

1 


| | | 
OHHO—Si—O, or even O—Si—OH—AI—O— 
1 il il 
| | | | 
Si—O, instead of O—Si—O—S8i—O—Si—0O, and 
1 al 1 1 


at the apex toward the octahedral layer, —Si— 
i 


OH instead of —Si—O. This, together with the 
1 
introduction of H,O imstead of OH™ into the 
octahedral layer, brings about a deficit of Si 
atoms and Al*** ions, or the replacement of 
Al** by Meg**, Li*, and so on. Later the H 
atoms, especially those combined with Si, be- 
come restless under the effect of the total poten- 
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tial of the lattice or the changing medium, aij 
dissociate according to the equations: 


Si-OH + OH —S1-O + HO, 
8i-OH + H,0 —§1-O + H;0. 


These and similar reactions provide an uncor) 
pensated negative charge which is constant ) 
changes according to pH. We mention in passi 
that under hypergenic conditions a similar ne} 
ative charge is carried by broken surfaces | 
other silicates, including quartz, which a| 
covered with OH groups, some of which dil 
sociate according to the same equations. 

Thus, as a result of the mherent peculiariti) 
of the structure of hypergenic minerals an) 
minerals existing under hypergenic conditio n| 
in particular their fine crystallinity and pei 
sistent negative charge, these minerals have tk 
capacity to adsorb cations. In addition, whe 
in contact with specially filtered solution 
carrying dissolved salts of alkali or alkalin 
earth metals, the minerals have the capacity t 
exchange cations. Cation exchange depends, firs 
of all, on the presence of cations in solutio 
their concentration and so-called activity, anl 
is controlled by laws of mass action, which ar 
well known in soil science, and, secondly, on th 
properties of cations, the most important ¢ 
which is hydration energy. 

In practice, adsorption and exchange preser 

a very complex picture. Besides great variatio 
in the presence and concentrations of cae 
in filtered solutions there occurs not only ac 
sorption, but absorption—adsorption and ex 
change involving interior crystalline matter an 
dissolution and recrystallization of crystals. I 
absorption, for example, it is necessary to com 
sider the rules of isomorphic replacement, an 
so on. But taking the phenomenon of adsorp 
tion and exchange as a whole, excluding compli 
cating factors such as selectivity in adsorptio 
displayed by certain types of colloids and de 
pendent on their particular structure, the great 
est effect on exchange is shown by the guidin 
factor—exchange energy of cations, determine 
primarily by their hydration energy. 

Owing to the different energies of hydratio 
of those abundant elements, which because 0 
their sizes are not found in the tetrahedral o 
octahedral holes of closely packed lattices, © 
and K accumulate in soils and Na leaves. Th 


Iss is enhanced by the higher hydration energy 
/ H,O*, which is always present in acid and 
sutral solutions. The accumulation of Li and, 
/ part, of Mg im soils is explained by their 
itry into the crystalline lattice of hypergenic 
‘nerals. Hydration energy also determines the 
bhavior of anions, especially halides. Except 
r F, which forms an insoluble Ca com- 
yund—fluorite, Cl’ has the highest hydration 
ergy. It therefore accumulates in waters, but 
|, having the lowest hydration energy, accu- 
julates in soils (7). In general, we must point 
it that the movement of elements under hy- 
‘rgenic conditions is determined primarily by 
vo most important factors, namely, rules of 
‘ructure of matter (in particular, rules of close 
icking) and rules determining the state of 
jatter in solution, mainly hydration energy of 
ins (15). These two factors control the phe- 
jmena of ionic adsorption and exchange in 
‘ils. 
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URA-ARAKS LOWLAND' 


ANY native and foreign investigators have 
YI studied questions relating to the processes 
* salt accumulation in the soils and ground wa- 
or. V. A. Koyda (8, 9) has reviewed the results 
i their work. 

“The basic conclusions of these investigations 
re: 

1, The primary sources of salts of the earth’s 
‘ust are the soluble products of rock weather- 
g, products of volcanic eruptions, discharges 
* deep thermal energy sources, ancient salt- 
2aring deposits, and the products of minerali- 
ition of plant residues. 

2. The migration of salts in the soils and par- 
at material occurs predominantly in the form 
‘aqueous solutions. Further, in the redis- 
fibution of salts along the earth surface the 
llowing processes are important; eolian and 
‘ological salt cycles, salt diffusion, sinking of 
savy brines, perpetual separation of lons ac- 
wrding to their weight. 

3. Soluble salt accumulation m the parent 
‘aterial and ground water is explained by the 
mibination of physical and geographic condi- 
ons: the levelness of the location, high tem- 
erature and evaporability, absence of natural 
tainage and runoff. : 

4. Salt accumulation in soils is affected chiefly 
y the ground water. The extent of the ground 
ater action on the soil depends on the depth 
' the water table. The strongest effect on salt 
xeumulation in the upper soil horizons is ex- 
‘ted by the ground water when the water table 
taches the critical depth. s 
5. The differentiation of salts between soils 
ad ground water, so widely manifested in na- 
we, and the redistribution of salts along the 
ul surface, vertical profile and parent material 
te explained by differences in salt solubility, 
cchange reactions, the activities of living or- 
imisms and drainage conditions. These factors 


This work was done under the direction of 
orresponding Member of the Academy of Sci- 
ices, USSR, V. A. Kovda. 
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lead to the existence of natural districts, regions 
and provinees, characterized by different types 
of salt accumulation. Such action also causes the 
stepwise salt accumulation in ground water and 
soils. Three basic types of salt accumulation are 
distinguished—carbonate, sulfate and chloride 
—which, under the influence of the factors listed 
above, replace one another in proportion to the 
degree of ground water mineralization and the 
degree of soil salinization. They also form tran- 
sitional mixed types of salt accumulation. 

Results of work on the effect of irrigation on 
salinization and desalinization have been re- 
viewed and examined by V. A. Koyda (7, 8) 
and A. N. Rozanov (18, 14). Their basic ideas 
are: 

a. With irrigation, when there is insufficient 
natural drainage there is always a rise in the 
ground water caused by the pervasion of the 
infiltrating irrigation water and by its hydro- 
dynamic pressure. 

b. An increase in ground water mineralization 
is observed with irrigation only in those soils 
having fairly considerable amounts of salts in 
the deep horizons before irrigation. 

c. The cause of secondary soil salinization is 
not irrigation per se, but unfavorable natural 
conditions in the area irrigated. 

d. Secondary soil salinization is characterized 
by an increase in the sulfate content and accu- 
mulations of gypsum and carbonates. 

e. Provinces of flood-plain, terrace and pied- 
mont types of secondary salinization are dis- 
tinguished by different geomorphological condi- 
tions. 

f. Secondary salinization develops by stages: 
from slight to intense, from seasonal spottiness 
to continuous salinization which is then replaced 
by progressive desalinization. Here we observe 
the migration of the salinized zones from a belt 
along the irrigation ditches to the lower parts of 
the irrigation system and the formation of fresh 
belts which gradually broaden out from the 
ditches to the peripheral tracts of the system. 


614 


g. There are three stages in the irrigational 
reclamation of an area: initial, transitional and 
permanent. In the latter stage, when the soils 
show improvement because of newly created 
hydrological conditions, the greatest improve- 
ment is shown by desalinization. Successive 
stages of desalinization and salinization occur 
very slowly, and the task of soil improvement 
consists in timely intervention in this process 
and in accelerating the separate stages by using 
a composite system of measures. 

The Mil’sk plain is a unique illustration of 
the general ideas mentioned. At the same time 
it reflects all the specific characteristics of the 
salt-accumulation processes under piedmont 
plain conditions. The Mil’sk plain, a part of the 
Kura-Araks lowland, located between spurs of 
the Greater and Little Caucasus mountains, is 
a semidesert with respect to its physico-geo- 
graphical conditions. Artemisia-halophyte plant 
groups on meadow-gray-cinnamon brown and 
meadow-solonchak-solonetz soils are predomi- 
nant. 

In order to use it for agriculture, the Mil’sk 
plain was especially investigated. Work was 
done by 8S. A. Zakharoy (4), M. F. Kalinin (5), 
L. L. Nozhin (10), S. I. Tyuremnoy (15), V. 
A. Priklonskiy (12), and V. R. Volobuyev (1). 
From 1939 to 1950 there were periodic investi- 
gations by the Azgiprovodkhoz Institute (the 
Azerbaydzhan State Institute for the Planning 
of Water Resources and Reclamation Develop- 
ment) and by the Azerbaydzhan Geological Ad- 
ministration. From 1949 to 1953 there were 
examinations by the associates of the Kura- 
Araks Expedition, V. V. Dokuchayevy Soil Insti- 
tute, Academy of Sciences, USSR (Scientific 
director; V. A. Kovda. Chief of expedition; A. 
N. Rozanoy. Chief of the detachment; V. V. 
Yegorov). 

Geomorphologically, the Mil’sk plain is het- 
erogeneous and may be divided into the follow- 
ing areas, according to V. R. Volobuyeyv (1) 
and V. V. Yegoroy (38): 

1. The  alluvial-colluvial 
plain; 

2. The alluvial fan of the Karkarchay river; 

3. The alluvial fan of the Araks river; 

4, The Araks alluvial plain with the inde- 
pendent tract of the ancient Kura River delta; 

5. The former flood area of the Kura and the 
Karkarchay and Lake Akh-Gel’; and 


piedmont sloping 
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6. The solonchak depression (“contact ¢ 
pression’). 
The irrigation system is on the middle p: 
of the piedmont sloping plain, where the s 
and ground water have been changed by its = 
fluence. In this connection we have divided t 
piedmont sloping plain into three tracts: 
above the irrigation system; b) within the ir 
gation system; and c) below the irrigati 
system. j 
According to the Kura-Araks Expedition j 
vestigations (6), the sources of salts on 
Mil’sk plain are: an ancient geochemical fl 
of salt solutions which moved along the K 
in the direction of the Caspian Sea, the mine 
alization of organic residues, the river wat 
and the lateral runoff of ground water from t! 
mountain side. The roles of these sources in t, 
salt accumulation in the soil do not develop — 
the same degree in all districts. 
There are seven types of salt accumulatic 
for the ground water and soils of the Mil¥ 
plain, corresponding to definite degrees of mi 
eralization of the ground water and salinizatio 
These types are given below in Table 1, whi 
also includes data on the distribution of f! 
individual types of salt accumulation in t 


Mil’sk plain area. : 


The material in Table 1 shows that the ave 
age mineral content of the ground water 
salt content of the soil-as shown for each typ 
of salt accumulation do not always. coinceiq 
with the actual values of these parameters 1 
the ground water and soils with the same ty] 
of salt accumulation. This is related to the pe 
culiarities of salt accumulation in the differer 
districts of the Mil’sk plain and is explained b 
the different conditions under which individu: 
tract surfaces were formed and by the pre 
dominance of different salt sources within 
district. All the specific characteristics of sal 
accumulation in the ground water and soils ¢ 
different districts are shown in Table 2. Th 
difference in the salt content of soils and groun 
water is also noted; the ground water is dis 
tinguished by its higher chloride content com 
pared to the salt composition of the soils, wher 
sulfates and carbonates mostly accumulate. 

Salt accumulation processes in the ground wa 
ter and soils of the Mil’sk plain are subordi 
nated to the general pattern of accumulatio 
of salts. However, in some cases there is stron 
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Types of salt accumulation in the soils and ground water of the Mil’sk plain 


Type of salt accumulation 


Icarbonate, calctum 
edominantly sodium bicarbonate 
lixed, with some bicarbonate 


ilfate-chloride 
dium chloride 


ileium, magnesium, sodium chloride 


TABLE 1 
Frequency of types of 
Average values Found in area et eee 
cases 
Mineral Mineral 
content of |Salt content| content of /Salt content) Ground Soil 
ground of soil, % ground of soil, % water ous 
water, g./l. water, g./l. 
0.3-0.5 | <0.1 |0.3-0.5| <0.1 | 
0.52 /0.1-0.3/0.52 \) 9 19 3/ 13.5 46.0 
275) MW'0,3-0.6 | 912-5 pres 
5-10 1-2 
5216 //:0,6-8.01). 45 10 Ae, 28.5 | 26.0 
16-50 >3.0 16-25-50) 0.3-4.0 32.0 19.0 
> 50 25-50-80 4-6 
ee a } 26.0 9.0 


TABLE 2 


(Note. For compiling Tables 1 and 2, research data from the Azerbaydzhan Geological Administration 
id from the Kura-Araks Expedition was used. 


Differences in-kind of salt accumulation in soils and ground water 


Average values | Most widely, dis sey Seek coat 
“77 . i 1 j 
Ares orate plain | Mingal] 4, [Mins] ai 
sated ean pee a In ground water In soils 
water, % water, % 
g./l. g./1 
luvial-col-| Upper irri- 
juvialpied-| gation Cl < HCO; < SO. SO. < HCO; 
‘mont slop-| system 4 0.5 |[0.5-5 | <0.1 | Mg < Ca < Na Na < Ca 
ing plain = 
Within irri- Cl < SO. HCO; < SO. 
gation 
system 12 0.7 5-16 |0.2-1.0) Ca < Mg < Na Ca < Na 
Lower irri- 
gation ’ 
system 28 1.6 | 16-40 |(0.6-2.5| Cl < SOs ; Mg < Na | Cl < SOi; Ca < 
Na 
luvial fan of the Karkar- 
shay River, Kura foreland 
iulluvial plain, flood area 
of the Kura, Karkarchay, SO, < Cl HCO; < Cl < SO. 
Akh-Gel’ Rivers 34 1.0 | 25-40 |0.2-1.4) Mg < Na - Ca < Na 
‘uvial fan of Araks River 5 0.5 1-10 | <0.3 ae < HCO; < Cl; | Cl < HCO; ;Ca < 
a Na 
aks alluvial plain 45 1.7 | 25-75 |0.6-2.5) Cl; Mg < Na SO. < Cl; Na 
delta of the Kura and 
solonchak depression 70 2.3 | 40-100/0.6-3.6} SOs < Cl; Mg < Na} SO, < Cl; Na 


ridual tracts. 


fion by regional conditions which overcomes 
» effect of the general patterns. This explains 
» peculiarities of salt accumulation within in- 


‘Material from the Azerbaydzhan Geological 


linized 


Administration and the Kura-Araks Expedition 
enabled us to compile maps of the types of sa- 


soils and ground water as they were 


from 1946 to 1949 (Figs. 1 and 2). The maps 


confirm the differentiation between the salts 
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Fic. 1—Map of the soil salinity types on Mil’sk plain. Analytical data from 240 sec- 
tions and borings were used. Maps 1 and 2 compiled by V. S. Muratova on the basis of 
data from the Kura-Araks Expedition of the V. V. Dokuchayev Soil Institute, Academy 
of Sciences, USSR, 1949 and 1950, and from the Azerbaydzhan Geological Administration, 
1946 and 1947. Map symbols: 1—predominantly bicarbonate; 2—bicarbonate-(chloride)- 
sulfate; 3—bicarbonate-(sulfate)-chloride; 4—sulfate and chloride-sulfate; 5—sulfate- 
chloride; 6—chloride-magnesium-sodium ; 7—same with calcium chlorides. 


Agdzhabedy, 


Fic. 2—Map of the types of chemical relations of ground water under the Mil’sk plain. 
Data from the analyses of 387 samples of ground water were used. Map symbols are the 
same as those used in Fig. 1. 


F 


the soils and the ground water and also 


infirm the regular pattern of salt distribution 


bng the surface. 


Data on the relation between the depth and 


tent of ground water mineralization suggest 


fat we refine our conception of the “critical 


Wel” of the water table. Source material on 


fe Mil’sk plain confirms and develops some- 
| 
y 


mat the idea of V. V. Yegorov and G. V. 
ikhar’ina (2) of the “optimal” depth of the 
found water at which maximum salinization 
the surface horizons is observed. This “op- 
mal” depth is represented by a certain interval 
depths which should be called the “critical 
jterval”. A rise in the water table above the 
per limit of the critical interval, as well as 
le lowering of the water table below the lower 


‘mulation in the soils (Fig. 3), for most of the 
‘il’sk plain the critical interval of the water 
‘ble is that between 1.3 and 1.8 m. We can 
lerefore conclude that to prevent high sec- 
adary salinization of the top one-meter layer 
en irrigating, we must keep the water table 


% gy £ q 2 
Ss cS Ss NS Ss Ss 


Salt content of top 1-meter layer of soil, kg. /m3 


Ss 


data for the Mil’sk plain as a whole. 
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either below 1.8 m. or above 1.3 m. However, 
observation shows that when the ground water 
comes within less than 1 m. of the surface, 
swamping or strong surface salinization (with 
weak salinization of the top one-meter- layer 
as a whole) may result: this kills the plants. 
Therefore the recommendation to lower the wa- 
ter table below 1.8 m. remains most practical. 

The Ordzhonikidze irrigation system is on the 
piedmont sloping plain with a distinctive pre- 
dominance of the sulfate type of salt accumu- 
lation. Irrigation influenced changes in the soils 
and ground water under this system. Primarily, 
the effect of irrigation was manifested in the 
water table, which rose by an average of 7 m. 
throughout the system during the nine to ten 
years of irrigation ending in 1939 to 1940. The 
nature of the change in depth of the water table 
is shown in Table 3. 

The effect of irrigation on the ground water 
rise was manifested not only in the irrigated 
area, but also spread to the non-irrigated tracts 
(in the area of distribution lateral No. 6) and 
beyond the limits of the irrigation system to 
a distance of about 1 km. above the main canal 
and about 2 km. below the drainage main. 

The rise in the water table was accompanied 


Depth of water table 


Fic. 3—Change in salt content of the soils of the Mil’sk plain as a function of the depth 
of the water table. 1—Irrigated and periodically watered soils; 2—solonchak soils within 
the irrigated area; 3—non-irrigated soils, a—initial data, b—average indices; 4—average 
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TABLE 3 
Change of water table depth in meters in the area of the Ordzhontkidze irrigation system and adjacent ar’ 
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1926-1929 1939-1940 1946-1949 1953 
Within 
Loca- areasof i 3 5 3 * 4 
Onl distribu- |Upper |Middle| Lower) § |Upper |Middle|Lower| Upper |Middle|Lower | | 
Mon eters! ts z Asta whole 
Part of slope < Part of slope ea Part of slope 
Within 
system 1-3 13.0/13.0 5.3 3.4 
‘ 4-5 19.7] 12.9) 9.0)11.4| 8.5 6 9.0 eu 1.9 
6* 13.4! 13.4 18.4) 9.5} 10.1) 7.5 2.1 2.6 | 2.8 
Vf 11.8} 10.5) 9.8)10.4) 12.0 Peal 3.0) |) Lele 
8 12.4 11.4)11.9 eA 2 WBE 2 2.4 
9 10.8 10.8 4/ 1.4) 1.4 2.6 Prey || PAA 
whole 
system | 13.9] 11.4) 9.8/11.2) 9.8 .8| 3.4 | 4.2 202 PHN Pye || Ps, 3) 
At different distances from the irrigation system 
Nearest 
ie . distribu- <i 1-2 <2 2 <a <2 PP a | tt |e Ae ie ph ho) 
SRE peas km. | km. | km. | km. | km. km. | km. /km.} km. | km.) km. 
oO. 
Upper sys- : 
tem 4-5 20 9.5 
6-9 11 5.5)11 
as whole ff 11 4 
no data 
Lower sys- 
tem 4-5 1.3] 2.3/1.9 : 
6-9 10 1.5 1.6 2.4) 2.0/2.2 j 
as whole 2.0) 2.1/2.0} 2.7 


Note. 1)* The tract supplied by distribution lateral No. 6 was not irrigated until 1951. 2) Tables 3 to 


were compiled on the basis of data from investigations by Azgiprovodkhoz, the Azerbaydzhan Geolo; 
ical Administration and the Kura-Araks Expedition. Data were also used from the paper by V. 4 


Priklonskiy (13). 


by an increase in the ground water mineraliza- 
tion from 3.4 to 11 or 12 gm. per liter (average 
for the system). From the source material given 
in Tables 4 and 5 on the change in quality of 
the ground water under the influence of irriga- 
tion we conclude that, in the area of the irri- 
gation system, there is a migration of the saline 
ground water along the slope from the upper 
parts of the system to the lower and, further, 
there is partial removal of salts to areas beyond 
the limits of the irrigation system. In 1939 and 
1940 the maximum mineral content was in the 
ground water of the middle of the slope; from 
1946 to 1949 the ground water of the lower 
and middle slope were of about the same 
mineral content (considering the system as a 
whole) ; in 1953 the maximum mineral content 
was on the lower slope. In this, the average ex- 
tent of ground water mineralization in the sys- 
tem as a whole changed little from 1939 to 1953. 
In the area located below the irrigation system 


there was a higher mineral content in the group 
water in a belt up to 1 km. wide immediatel 
adjoining the system in 1939 and 1940; br 
from 1946 to 1949 the ground water in a be 
located at a distance of one to two kilometel 
from the drainage main acquired the highes 
mineral content. Durmg the period from 193 
and 1940 to 1946 to 1949 the relative groun 
water sulfate content increased; during th 
same period the ground water of the area le 
cated below the irrigation system took on 
higher chloride content. The further increas 
by 1953 in the relative ground water sulfat 
content under the irrigation system is, in ou 
opinion, not related to the usual irrigation bu 
rather to flushing of the soils with a deep drat 
age network constructed in the area of the ur 
gation system in 1951 and 1952. 

During the 23 years the system has been i 
action, salinization of the soils has decrease 
within the 4-meter-thick soil layer from 1.2‘ 
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TABLE 4 


ange in mineral content of ground water (in grams per liter) under Ordzhonikidze irrigation system 
and adjacent areas 


| 1926-1929 1939-1940 1946-1949 1953 
i Within ; 7 - = > 
; en ®/s | 8 | 2 3 3 = 2 by EI S 8 S iI 5 % 
cation | distribu- | & | 3 Ee ies a og 6 iG a a) z ra ey ~ z wa 
eee P| a la é Siaiees! fe 3 ys alas 5 Weber ils 5 
Part of slope < Part of slope a Part of slope a Part of slope a 
fithin 1-3 =) | — 1.8) 1-8) — = OOOO OL Ol aOO|) wonOloe ah — — — |— 
system 4-5 1.6) 2.1) 4.5) 3.6) 4.5) 9.7 OOO. Ol. Sao]! Gee) Ocd|. —— 6.8] — | 6.8 
6 3.1) 3.9) —]} 3.6} 5.1) 10.8) 12.7|)10.4) 4.6) 11.5) 14.4) 9.6) 4.1 7.3) — | 5.7 
7 1.7) 2.9) 5.3) 3.6) 12.5) — 12.5) 7.6} 14.2) 10.2/12.0)13.5 | 13.9] 17.0/15.5 
8 1.9) — | 2.6) 2.2; — |\13.6) 12.0/13.0) 13.6) 19.1) 26.4120.0) — — — | — 
9 22) 2.2) 9 18.0) 12.5160) 11.3) 21.4) 19 .8)15.7) — | 11.2) 14.71/12.4 
whole 
| system | 1.9) 3.2) 4.5) 3.4; 5.6) 15.0) 11.3/12.2) 8.9) 13.2) 13.7/12.1] 6.0 | 10.0} 16.0)11.2 
At different distances from the irrigation system 
Nearest 
F & distribu- | <1 1-2 | <2 Pq 5a 1-2 4 <1 1-2 <2 >2 
pation tion lat- | km. | km. | km. | km.| km. | km. km. | km. | km. | km. | km. 
eral No. 
per 4-5 2 — 8 Ae Hess 
system | 6-9 See a ae | Gti) = 
as whole] — | — | — SS ee | eS cs |.) 5 
ower 4-5 = |) | iG) |) PAL 19 | — no data 
system 6-9 = | 10) | =} 21 18 — | 16 29 22 | — 
as whole a ee On eA S20 os 


0.9% (average for the whole irrigated area). 
1 this process the salt composition has also 
anged; the relative sulfate content increased 
ad chloride content decreased. Especially not- 
ole decreases in the soil salinization took place 
_ the areas of distribution laterals Nos. 7 and 
; but at the same time the soil salinization and 
Jt composition remained almost unchanged in 
1e area of distribution lateral No. 6 where no 
rigation had taken place until 1951. 

The most significant decreases in salinization 
ere noted in the horizons with the greatest 
ilt content, that is, from depths of one to 
ur meters. Here the decrease was greater as 
1e soil horizon was farther below the surface. 
the other hand, the top one-meter soil layer 
jereased in salt content. These data confirm 
. S. Preobrazhenskiy’s conclusion (11) that, 
_the Mil’sk irrigation system the general salt 
‘moval from the substratum is accompanied 
y salinization of the upper soil horizons. 
The decrease in soil salt content was accom- 
anied by an increase in the mineral content of 
le ground water. The total amount of salts 
-a soil layer five meters thick and in a layer 


of ground water nine meters thick (formed in 
the rise of the ground water), including the 
quantity of salts added with the irrigation wa- 
ter, hardly changed at all; the difference 
amounted to only 38 metric tons per hectare. 
But considerable changes took place in the salt 
composition, as seen from the data given in 
Table 6. Comparing the changes in the total 
salt content from 1929 to 1953, we conclude 
that there has been an increase in the sodium 
sulfate and magnesium chloride content and a 
decrease in the content of sodium chloride and 
calcium and magnesium bicarbonates. These 
changes may be caused by the following proc- 
esses: a) conversion of calcium and magnesium 
bicarbonates to carbonates and their precipi- 
tation in the solid phase of the soil; b) exchange 
reactions between the soil and water resulting 
in the appearance of magnesium chloride in 
the ground water composition; c) removal of 
sodium chloride to deeper layers of ground wa- 
ter. The appearance of excess sodium sulfate in 
the ground water could only have been caused 
by the migration of this salt ito the ground 
water from the substratum layer lying below 5 


Remarks 
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TABLE 5 
Change in chemical composition of ground water under the influence of irrigation 
fe Content of ions in equivalents, % 
Depth of |cgment of H 
Location Years a eee ground ; 
water. 2 
meters g./l. i 8 ; M 4, 7 
Sal eee Hee Grasse 
Within the irri- 1926 L152 3.4 | 20 | 36 | 44 | 24 | 22 | 54 
gation system 
1939-1940 4.2 12.2 3 | 44) 53 | 18 | 23 | 59 
1946-1949 2.2 12.1 3 | 40 | 57 | 16 | 20 | 64 
1953 20 ele? 3 | 19 | 78 | 14 | 19 | 67 
Lower system 1926 10.0 10 12 | 27 | 61 | 9 | 25 | 66 
1939-1940 1.6 19 4 | 37 | 59 | 15 | 26 | 59 
1946-1949 2.0 20 3 | 42) 55 | 14 | 33) 53 


Data from 4 borings : 
cated in the area of 
tribution lateral No. 


Average of data from | 
borings located in 
areas of distributi 
laterals Nos. 6-9 


Average of data from 
borings located in t 
areas of distributi 
laterals Nos. 4-9 


Average of data from | 
borings located in t! 
areas of distributi 
laterals Nos. 6-9 


Data from one boring | 
cated in the area — 
distribution lateral Ni 
7 and 1.5 km. from tl 
drainage ditch 


Average of data from 
borings located in tl] 
areas of  distributi¢ 
laterals Nos. 6-9 a 
up to 2 km. from ant 
age ditch 

Average of data from . 
borings located in t 
areas of distributi 
laterals Nos. 4-9 ar 
up to 2 km. from drai: 
age ditch . 

— 


m.: the rise in ground water could not have 
taken place without its dissolving the most 
easily soluble salts. The dissolving of the sodium 
sulfate must have been accompanied by the dis- 
solving of sodium chloride, for the absolute 
quantities of NaCl and Na.SOQ, dissolved in the 
water are about the same, judging by the top 
five-meter layer. But while the sodium sulfate 
remained in the ground water, the sodium chlo- 
ride proved to have been removed beyond the 
soil and substratum layers down to 11 m. The 
rate of salt removal is extremely slow, since 
calculations have shown that during the 23 
years the system has been in operation, only 
about 300 metric tons per hectare have been 


; 
removed from the top 11 m. This amounts 1 
about 20% of the initial salt content. Howeve 
the process does take place, and it is the tas 
of soil improvement to increase the rate. 

The effect of irrigation on the character ¢ 
soil salinity proved to be irregular on differer 
tracts of the irrigated area. In soils located le: 
than 300 m. from the irrigation ditches thei 
was a considerable decrease in salt contet 
while the greatest decrease occurred in s6l 
located from 50 to 100 m. from the irrigatio 
ditches. Elevated microrelief, on the other han 
became very salinized hoenude of the develo] 
ment here of a spotty type of soil salinity. Soi 
located midway between two sublaterals at 
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TABLE 6 
Change in the ratio of salts in soils to salts in ground water in the irrigated area 
In a layer of soil 5 meters thick In La faker layer 
Change in 
In irriga- | total salt 
1929-1953 | tion water |content from 
renee Differ- (salts as 1929 to 1953, 
x 7 4 ence in |in years)| metric tons 
Jae of salt 1929 1953 in ridge 1929 1953 Mane per ha. Remarks 
tons per 
per ha, hae 
Metric Metric Metric Metric Metric 
ie tons e tons | + - oa tons a tons | + | — Ke tons + =- 
© \per ha.| “” |per ha. ° |per ha.} “ |per ha. © \per ha. 
JHCOs)2 | 4 32 5 31 _ 1 120 22 3 13 = 9 | 42 39 — 49 | Precipitated in solid 
phase 
“ HCOs)2 22 20 20 | Accumulated in wa- 
26 | 210 | 29) 178 8) SPs ez! he | all 48 48);—|/—| — 11 — ter owing to dis- 
36 | 293 | 34] 208 = 85 | 40 45 | 67 | 294 | 249 | — | 10 9 | 155 = solving of salts 
present in deeper 
soil horizons 
14 113 18 110 3 8 ve _— 10 Removed to deeper 
20 | 162 14 86 = 76 | 14 16 | = = — | 16 | 18 16 — | 108 ground water lay- 
ers or beyond irri- 
gated area 
— — — — — | — | 22 24 | 19 83 59) | =) — = 59 — | Formed in water by 
exchange reactions 
falsalts (100 | 810 |100} 613 — | 197 |100 | 112 |100| 438 | 326) — |100 91 38 = 


jtance of 400 to 500 m. from the irrigation 
iches have higher salinity in the top one-meter 
er with unchanged salinity in the top four 
jters. Here irrigation caused the migration 
‘salts from the deeper soil layers to the top 
ver. Here the position with respect to the 
crorelief exerts almost no influence on the 
ange in salinity, and the increase in’ salt con- 
it in the top one-meter layer is noted not 
ly on elevated relief, but also on slopes and 
pressions. Virgin soils on non-irrigated tracts 
img among irrigated areas show an even in- 
base in salinization along the entire soil pro- 
» of a layer four meters thick. These tracts 
wy the part of “dry drainage,” absorbing a 
of the salts flushed from the surrounding 
igated fields. The present flushing rate of salts 
m the irrigated area is very low, so that 
re, in the presence of general desalinization, 
is possible to have recurrences of consider- 
le salinization of the upper horizons which 
Ise spotty salinization in the presence of a 
ge amount of old accumulated salt. The 
aimage system constructed in 1951 and 1952 
suld hasten the removal of salts and lead to 


the establishment of a stable regime of soil de- 
salinization in the irrigated area. However, to 
increase the effectiveness of the drainage sys- 
tem, supplementary drains should be con- 
structed and inserted along the tracts most sub- 
jected to salinization, that is, those midway 
between existing drainage ditches at a distance 
of 400 to 500 m. from the irrigation sublaterals. 


Received August 27, 1957 


BIBLIOGRAPHY 


1. Votopuyryv, V. R. 1948. Ustroystvo poverkh- 
nosti Mil’skoy stepi*(Organizing the Mil’sk 
steppe surface). Doklady Akad. Nauk Azer- 
baydzhan. SSR. 4(3). 

2. Yucorov, V. V. anp G. V. ZAKHAR’INA. 1956. 
Zavisimost’ razmeroy zasoleniya verkhnikh 
gorizontov pochy ot glubiny gruntovykh vod 
(The effect. of the ground water depth on 
upper soil horizon salinization). Doklady 
Akad. Nauk SSSR. 109(4). 

3. Yecorov, V. V., V. S. Muratova anp G. V. 
ZAKHAR INA. 1951. Mil’skaya step’. Otchet 
0 pochvenno-meliorativnykh  issledovani- 
yakh (Soil-improvement investigations on 
the Mil’sk steppe). Manuscript, V. V. Doku- 
chayey Soil Inst. Akad. Sci. SSSR. Moscow. 


622 


4, Zaxuaroy, S. A. 1912. Pochvy Mil’skoy stepi 
i soderzhaniye v nikh legkorastvorimykh 
soley Otchet ob issledovaniyakh letom 1911 
g. (Mil’sk steppe soils and their content of 
easily soluble salts. Investigations in the 
summer of 1911). St. Petersburg. 

5. Kauinin, M. F. 1914. Pochvy Mil’skoy stepi. 
V kn.: Trudy Tiflissk. Botan. sada (Mil’sk 
steppe soils. In the book: Trudy Tiflissk.) 
Botan. Sada 12(3), Prilozh 2. Tiflis. 

6. Kovpa, V. A., V. V. Yucorov, A. T. Morozov 
anp Yu. P. Lepepev. 1954. Zakonomernosti 
protsessov solenakopleniya vy pustynyakh 
Aralo-Kaspiyskoy nizmennosti (Salt accu- 
mulation patterns in the Aral-Caspian low- 
land deserts). Trudy Pochvennogo Inst. im. 
V. V. Dokuchayeva Akad. Nauk SSSR, 
Vol. 44. Izdatel’stvo Akad. Nauk SSSR. 

7. Kovpa, V. A. 1937. Obshchiye rezul’taty vli- 
yaniya orosheniya i vodokhranilishch na 
pochvy dolin rek Nizhego Zavolzh’ya (In- 
fluence of irrigation and reservoirs on river 
valley soils of the Lower Trans-Volga). 
Trudy Komissii po Irrigatsii, Vol. 10. Izda- 
tel’stvo Akad. Nauk SSSR. 

8. Kovpa, V. A. 1946. Proiskhozhdeniye i rezhim 
zasolennykh pochy (Origin and relations of 
saline soils). Vol. 1. Izdatel’stvo Akad. Nauk 
SSSR. 

9. Kovpa, V. A. 1954. Geokhimiya pustyn’ SSSR 
(Geochemistry of USSR deserts). Doklady 
V Mezhdunarod. Kongressa Pochvovedoyv. 
Izdatel’stvo Akad. Nauk SSSR. 

10. Nozuin, L. L. 1928. Kratkaya kharacteristika 
pochy Mil’skoy stepi (po obsledoy. 1926) (A 


V. S. MURATOVA 


brief characterization of the Mil’sk ste 
soils on the basis of 1926 observatioi 
Manuscript, Azgiprovodkhoz, Baku. 

11. PreoprazHensxry, A. S. 1946. Izmeneniye gs 
vogo rezhima pochy podgornogo skle 
Mil’skoy stepi v rezul’tate iskusstvennc 
orosheniya (Changes in the soil salt r 
tions of the Mil’sk steppe piedmont slo 
resulting from irrigation). Doklady 
Nauk Azerbaydzhan. SSSR. 2(8). 

12. Prixuonsxry, V. A. 1930. Gidrogeologiches! 
ocherk Mil’skoy stepi (Hydrogeologi 
sketch of the Mil’sk steppe). Material 
Obshchey Skheme Ispol’zovaniya Vodny 
Resursov Kura-Araks. Basseyna Vol. — 
Tiflis. 

13. Rozanov, A. N. 1956. Zasoleniye i melioratsi 
broshayvemyih pochyv (Salinization and i 
provement of irrigated soils). Doklady ~ 
Mezhdunarod. Kongressa Pochvovedoy, ~ 
Komissiya, Melioratsiya pochyv. Izdat 
stvo Akad. Nauk SSSR. 

14. Rozanoy, A. N. 1946. Fazy, stadii i tipy vtorie 
nogo ae pochy pri oroshenii (Phas 
stages and types of secondary soil saliniz 
tion with irrigation). Problemy Sovreme 
nogo Pochvovedeniya Sbornik 14. Izd 
tel’stvo Akad. Nauk SSSR, Moscow a 
Leningrad. 

15. Tyuremnov, 8S. I. 1927. Pochvy Vostoctl 
Zakavkazskoy ravniny (Soils of the easte 
Trans-Caucasian plain). Materialy po R 
yonirovaniyu Azerbaydzhan. SSSR. 2( 
Baku. : 


| 


ANY studies have been made of movement 
and concentration of copper in rocks and 
a Copper accumulation has repeatedly been 
joted in sandstones, shales, and bituminous sedi- 
ents. In many cases, such accumulations may 
ave biogenic origin. Some time ago A. D. 
wkhangel’skiy and co-workers (2, 3) deter- 
ained that copper in deep water Black Sea sedi- 
aents was bound with organic matter, since a 
efinite ratio, varying within a narrow range, ex- 
sted between the amounts of copper and carbon 
neluded in this matter. On the basis of geo- 
‘hemical observations and model experiments 
ith marine sediments, the authors concluded 
hat important concentration of copper in rocks 
ises by purely chemical processes, but that 
iogenic accumulation of copper was possible 
n account of its transportation by organisms. 
n addition, many authors have observed that, 
‘long with chemical reactions, biogeochemical 
rocesses have great importance in copper con- 
lentration. L. M. Miropol’skiy (19) showed 
hat the copper content in Tatar ASSR causto- 
jiolites was higher than the Clarke average for 


llatogurskaya (23) observed copper accumula- 
yon in copper-bearing sandstones in places with 
igher organic content. A. P. Vinogradov (7) 
lnowed that granites, gneisses, and other acidic 
locks, as well as shales and sandstone, contain 
n average of 10° to 10° % Cu, while basic 
ocks contain more—about 2 x 10° %. V. V. 
heherbina and L. I. Ignatova (26) refer to the 
ossibility of forming copper minerals from al- 
line solutions in the presence of organic ma- 
erials. 

The study of copper behavior in soils is very 
iteresting. It is already known that decompo- 
ition products of soil organic matter form 
sable compounds with a series of rare elements: 
s, Se, Cu, Zn, and so forth. But the forms of 
dmposition of high polymeric organic soil com- 
br in these compounds remain uninvestigated. 
there is also disagreement about the chemical 
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composition of high polymeric organic soil com- 
ponents, which under certain conditions com- 
bine with rare elements in insoluble complexes. 
The latter case is especially important to ex- 
plain availability or unavailability to plants of 
rare soil elements. So-called “cultivation sick- 
ness,’ “copper starvation,’ or “copper defi- 
ciency” shows characteristic symptoms in many 
plants, especially cereals. There are entire re- 
gions with “endemic sicknesses,’ in connection 
with deficiencies or excesses of some element. 
These regions are called “biogeochemical” prov- 
inces. For example, the Poles’ya biogeochemical 
province (BSSR) (6, 12). 

It has been pointed out (8) that the copper 
content of peats is low (1 — 4 x 10% %). The 
opinion exists that “copper deficiency” sickness 
in peats depends not only on low total copper 
content, but also on insufficient availability of 
copper to plants (11, 20). Methods for extract- 
ing soluble forms of copper from soils have been 
proposed using 0.5 NV HNO; or 1 N HCl (1, 22). 
Fertilization of peat soils with copper (as pyrite 
cinders) prevents the sickness in most agricul- 
tural crops. The favorable effect of copper fer- 
tilization lasts three to four years. Nevertheless, 
we still do not have a clear explanation of the 
chemistry of soluble and insoluble forms of cop- 
per, or the whole phenomenon of “copper de- 
ficiency.” 

Recently much study has been given to the 
complex compounds of copper with organic mat- 
ter. The complex forming properties of copper 
are well known in chemistry. Copper forms 
complexes with ammonia, amines, and organic 
acids—oxalic, citric, and so forth. There have 
been attempts to study copper complexes with 
natural organic compounds. Dawson and Nair 
(31) studied forms of bound copper in peat 
soils where the copper complexes contain sec- 
ondary and tertiary amines. Broadbent believes 
that (29, 30) formation of internal copper com- 
plexes with soil organic matter depends on the 
presence of two functional groups; a) carboxylic 
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and b) amine. Presumably, solubility of copper- 
organic complexes in nature depends greatly 
on the reaction of the medium (21, 27). 
Copper concentration in organic matter of 
rocks and soils may result from lifetime cop- 
per accumulation by organisms (4, 5, 9, 37) or 
from its interaction with decomposition prod- 
ucts of plants and animals. In most investiga- 
tions it has been shown that concentration and 
migration of elements in rocks and soils, (Ge, 
Mn, Au, Cu, and others) depends on the pres- 
ence and composition of humic acids (11, 34, 28, 
35). It is important to study different forms of 


TABLE 1 


Formation of copper humates in alkaline extracts 
from peat at different pH values 
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Copper, percent 
Sample No. pH value Combined 
HHerate CA prec 
1 1.8 87 13 
2 2.0 84 16 
3 Dn 46 54 
4 25 40 60 
5 Doi 35 65 
6 3.0 33 67 
He 3.2 40 60 
8 3.8 58 42 
9 4.2 67 33 
10 4.4 71 29 
11 Any 77 23 
12 5.5 89 11 
13 5.6 91 9 
14 5.9 92 8 
TABLE 2 


Formation of copper humates with isolated humic 
acids at different pH values 


Copper, percent 
Sample No. pH value : 
tc) 

ante ee 

Ee tated humates 
1 2.4 40 60 
2 Dest 32 68 
3 3.0 25 to 
4 3.3 19 81 
5 3.6 58 42 
6 3.8 71 29 
rl 4.0 77 23 
8 4.5 84 16 
9 5.0 87 13 
10 5.5 88 12 
ik 6.0 89 11 
12 6.8 91 9 
13 fal 92 8 


high polymeric organic compounds and bic 
chemical reactions accompanying their trang 
formations in nature to explain biogenic migré| 
tion of elements. } 

Most authors consider that organic matte} 
which fixes copper in rocks and soils, consisi| 
basically of humic acids. Humic acids of soil 
peat, and coal are classified in the followin 
groups: true humic acids, fulvic acids (creni 
and apocrenic acids), and hymatomelanic acic 
(24). Some believe that fulvic acid is not a 
independent humic material, but a less cor 
densed representative of humic acid (13). Re 
cently we studied the possibilities for fixatio’ 
and movement of uranium with different form 
of organic compounds (fulvie acids, humic acids 
melanoidins) (17). It was shown that reaction 
of uranyl solutions with fulvic and humic acid 
may give so-called uranyl fulvates and humate 
with varying solubility depending on pH of thi 
solution. Proceeding from this background wi 
studied the formation of msoluble copper com 
plexes with humic acids, fulvic acids, and mel 
anoidins. 


Copper Fixation by Humic Acids from Peat 
(Alkaline Extract) at Different pH Values — 


A quantity of peat (sedge-woody peat, 40% 
decomposed) was treated 20 hours with cok 
1% NaOH solution. A solution of copper sulfat 
(25 y Cu per ml.) was added to the very dark 
alkaline extract. Appropriate pH values wer 
established in separate samples. At this tim 
humic acids coagulated and copper humate 
formed. The precipitates were filtered anc 
washed. Copper was determined separately u 
precipitates and filtrates, using the colorimetri 
dithiocarbamate method with rubeanic acid de 
scribed by D. P. Malyuga (15). Copper hu 
mates were also obtained by reacting coppe: 
sulfate solutions with isolated humic acids. Prep 
aration of the humic acids, other than fulvi 
acid, is described in our preceding article (17) 

The data presented in Tables 1 and 2 shoy 
that copper concentration in the copper humate 
depends on pH. Optimum pH for copper fixa 
tion by humic acids is from 2.5 to 3.5. 

In addition, we obtained copper fulvates by 
reacting fulvic acid with copper sulfate solu 
tions. Fulvic acid is obtained in the acid solu 
tion after precipitation of the ordinary humi 
acids by acidifying alkaline soil extracts. 
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'| The most copper is fixed by fulvic acid at pH 
values close to 6. 
'| Tables 1-8, and the curves in Figure 1, show 
at different forms of humic acid, specifically 
ic and fulvie acids, react differently with 
: aq Both substances can form insoluble 
Dpper complexes, depending on pH. The results 
monstrate the possibility for copper move- 
nent with less polymerized humic acids and 
pper concentration upon formation of insolu- 
: complexes of copper with humates and ful- 
ates. We have mentioned repeatedly (16, 18) 
aat organic matter of rocks and soils, repre- 
ted primarily by high polymer material, may 
evelop from extremely diverse compounds. 
een migration of elements in rocks and 
nils depends not only on environmental condi- 
ons (temperature, pressure, pH, Eh), but in 
ge measure on the chemical composition of 
ie organic material. In this respect, the nitro- 
m containing high polymeric compounds— 
ielanoidins—are especially interesting. Mel- 
oidins—dark colored compounds—are very 
ssistant to biological and chemical attack. They 
rm upon reaction of various compounds con- 
‘wn free amino and carbonyl groups. We 


iust mention the wide distribution of nitroge- 
us organic compounds in modern and ancient 
1arine sediments. Amino acids were observed in 
liocene marine sediments (25, 32). We have 
1own the possibility of forming melanoidins 
om chitin and its decomposition product, glu- 
psamine, and also the importance of melanoi- 
ins in movement of uranium in rocks and soils 
16, 17). 

Melanoidin formation is not a simple con- 
msation of acids with sugars, but a compli- 
ted process, accompanied by oxidation and re- 
ction reactions and the formation of a series 
f intermediate compounds. 

Recently, T. V. Drozdova (10) established 
e formation of intermediate compounds in 
e melanoidin reactions by heating glucosa- 
une. 


Copper Fixation by Melanoidins 


We investigated the possibility of copper 
ation by melanoidins. Precipitates of melanoi- 
ins were obtained by heating glucosamine solu- 
ions for 10-15 hours at 95-100° in closed 
ottles or in flasks with reflux condensers. The 
recipitate was filtered, washed, dried, and used 
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TABLE 3 
Formation of copper fulvates at different pH values 
Copper, percent 
Sample No. pH value ee Combine dd. 
filtrate tated avaies 
il 2.4 84 16 
2; 3.2 83 17 
3 hats) 81 19 
4 4.0 76 24 
5 4.7 69 31 
6 5.6 52 49 
(8 6.0 43 57 
8 6.4 59 41 
& 70 
3 60 7 2 
& 50 
O ¥0 
3 50 
3 20 
LO ig} 
z CS EASE STN DH, 


Fig. 1—Formation of copper humates and ful- 
vates at different pH values of the medium. 1— 
humic acid; 2—fulvic acid. 


as a preparation of melanoidins. When melanoi- 
ding from glucosamine or chitin were allowed 
to stand with copper sulfate it was found that 
copper combined with melanoidins. A 0.2 gm. 
melanoidin preparation stood with 5 ml. of cop- 
per sulfate solution (1 mg. Cu) for 42 hours at 
room temperature. After separating and wash- 
ing the melanoidin precipitate, copper was de- 
termined in it. Melanoidins from glucosamine 
combined with more than 80% of the added 
copper (Table 4). 

Glucosamine solutions were also heated at 
90 to 95° with additions of copper sulfate (ini- 
tial pH = 7.0). Melanoidin formation was con- 
siderably quicker upon addition of copper. Upon 
heating aqueous glucosamine solutions with cop- 


TABLE 4 


Binding of copper with melanoidins from 
glucosamine and chitin 


Quantity of bound 
copper 
Melanoidin preparation 
¥ % 
From glucosamine 830 83 
From glucosamine and glycine | 1000 100 
From chitin 520 52 


ee eet aS 
2 y 6 8 10 12 1% 16 18 20 22 L426 
Hours of heating 
Fic. 2—Changes in color intensity (according 
to light absorption at 490 mu) of heated solutions. 
1—glucose with glycine; 2—glucosamine; 3—glu- 
cosamine with CuCh . 


per sulfate, the color of the solutions was much 
more intense (measured by light absorption at 
490 mu) (Fig. 2), and the precipitation of con- 
densed melanoidins was quicker. The presence 
of copper has an effect on the reducing power 
of heated glucosamine solutions. With copper, 
the heated solutions had considerably greater 
ability to reduce 2-6, dichlorphenol indophenol. 

Upon adding copper to heated glucosamine 
solutions the amount of free amino groups de- 
creased (Table 5). Upon heating glucosamine 
in the presence of copper, melanoidin formation 
proceeds quicker, and intermediate products de- 
velop more intensively. The considerable de- 
crease in free amino groups in solution may be 
explained by the development of internal com- 
plex compounds with copper. Solutions of glu- 
cosamine, after heating with copper, were in- 
vestigated by means of paper chromatography. 
A 0.03 ml. glucosamine solution, containing 15.2 
y Cu, was placed on paper (Leningrad “4M”). 
The solvent was a mixture of n-butyl alcohol, 
glacial acetic acid, and water (4:1:5). The 
developer was aniline phthalate. 

After 16 hours on the chromatogram, two 
compounds containing copper were observed 
(Fig. 3). One spot moved slowly (R: = 0.04), 
the other more quickly (Rt = 0.16) and coin- 
cided with the position of N-glucoside on the 


TABLE 5 


Content of total and amino nitrogen after heating 
glucosamine with copper (18 hours heating) 


Total N as % of | Amnio Nas % 


Sample initial quantity ee ate 
Glucosamine 59.9 41.8 
Glucosamine + copper 59.9 30.7 


S. M. MANSKAYA #T AL. 


chromatogram. Both compounds became colo! 
with ninhydrin, indicating nitrogen in ther 
upon spraying with aniline phthalate th 
formed a greenish-brown color. The spots we 
cut out and copper in them determined by t 
method of Lapin and Makarova (14) wi 
diphenylearbazone. The complex with Rs 
0.04 contained 6.8 y Cu (45% of the init) 
amount), and the complex with R: = 0.16 ¢ 
tained 8.0 y Cu (53% of the initial amount 
The presence of nitrogen in the copper contai 
ing compounds located on the chromatogra 
suggests that these compounds are inter 
complexes. 

Mills (36) investigated soluble complexes _ 
copper with organic matter using paper chr 
matography, separating ionic copper and o 
ganic copper complexes. It is known that ami 
acids ean form cyclic salts with copper. Th 
was shown in 1910 by Chugayev, who obtain¢ 
cyclic salts of glycine and alanine with chr 
mium, which are now the classic examples | 
development of cyclic salts. 


NEL 


ee Ne 
Ae ers 
O—CO 


In the reaction of copper with glucosamit 
it is possible to form a cyclic compound of sim 
lar type. 


HO—C—H. 


H—C—O 
H—C—0OH 
CH,0H 


Wolff, Fallab, and Erlenmeyer (38) prove 
by spectrophotometric measurements of tl 
colored complexes, that the strongest comple: 
ing power for Cu** was shown by cysteine an 
histidine. The presence of a large number ( 
functional groups in melanoidins, humie aci 
and fulvie acids indicates a possibility of the 
reaction with copper and formation of intern: 
complex compounds. 

It was very important to determine the sté 
bility of the copper-melanoidin complexes ¥ 


btained. For this purpose the following experi- 
ent was set up. 

A layer of glass wool was placed at the bot- 
om of glass tubes with drawn-out tips which 
ere filled equally with a melanoidin prepara- 
ion (from glucosamine or glucosamine with 
lyeine) containing copper. The prepared mel- 
noidins were carefully washed with redistilled 
ater, and the copper content determined in 
he wash water. After this the melanoidin col- 
kmns were washed successively with solutions 
f iron sulfate, caletum chloride, and oxalic acid. 
hen 25 ml. of iron sulfate solution (1.3 mg. 
7e) was passed through each column, and the 
olumn was washed with 50 ml. of redistilled 
ater. The copper content was determined in 
he combined solutions. Next, 25 ml. of calcium 
hloride solution (1 mg. Ca) was passed through 
ie column, after which the column was again 
ashed with 50 ml. of water and copper was 
letermined in the combined solutions. Finally, 
'Jo oxalic acid solution was passed through the 
olumn and it was washed with 50 ml. water. 
Jopper was determined in the combined solu- 
ions. At the end of the experiment the melanoid- 
Ss were removed from the tube, and dried. 
heir copper content was determined. The re- 
ults are shown in Table 6. 

Table 6 shows that iron sulfate solution ex- 
racts only half the copper combined with 
elanoidins, calcium chloride’ solution extracts 
bsolutely no copper, and oxalic acid, a strong 
jomplexing agent, extracts almost. all the cop- 
yer remaining in the melanoidins. Until now 
lhere is very little data as to which ion, Fe** 
wr Cu**, is more strongly complexed with or- 


Fic. 3—Chromatogram after heating glucosa- 
nine with copper. Solvent: n-butyl alcohol, acetic 
icid, water (4:1:5). Developer: analine phthalate. 
—heated glucosamine; 2—heated glucosamine 
vith copper; A—R+t = 0.04; B—Re = 0.16; 3— 
opper sulfate. 


COPPER FIXATION BY ORGANIC COMPOUNDS 


627 


TABLE 6 


Effect of solutions of iron, calciwm and oxalic acid 
on copper containing melanoidins 


Extracted Cu as % of 
the quantity bound 
with melanoidins 


% Cu in 
melanoidins 
after treat- 
ment with 


Melanoidin preparation 


4 % solutions of 

[e) A fe) iron, 

g oO o calcium, and 

& 8 3 oxalic acid 
From glucosamine | 56.17] 0.0 | 39.43} 3.40 
From glucosamine | 52.34] 0.0 | 43.33) 4.33 


and glycine 


ganic matter. Fallab, Schuster, and Erlenmeyer 
(33) showed that glutamic acid, histidme, and 
histidyl-histidine bind copper more strongly 
than iron; at the same time, tartaric acid, o- 
methoxyphenol, and o-aminophenol bind Fe*** 
more strongly than Cu**. It follows that to un- 
derstand the nature of binding of organic mat- 
ter with metals in soils and rocks, not only is 
knowledge of the chemical composition of the 
organic matter necessary, but also the character 
of its biochemical transformations and natural 
processes. Our future investigations are directed 
toward the separation of copper-organic com- 
plexes from peat soils and the study of their 
properties. 


Conclusion 


Different forms of humie acids, particularly 
humic and fulvie acids, react differently with 
copper. These and other substances can form 
insoluble compounds with copper, depending on 
the pH of the medium. The optimum pH range 
for bonding copper.by humic acids is 2.5 to 3.5, 
by fulvic acids, about 6. In nature copper can 
migrate with less polymerized humic acids and 
concentrate upon forming insoluble copper hu- 
mates and fulvates. It was shown that copper 
is bound by preparations of melanoidins from 
glucosamine. Upon heating glucosamine in the 
presence of copper, the melanoidin reaction pro- 
ceeds faster, and intermediate products form 
more intensively. Melanoidins are bound with 
copper as internal complex compounds. 
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THE EFFECT OF VARIOUS TREE SPECIES ON SOIL 


P. P. Pokhiton, Forest Institute, Academy of Sciences, Ukrainian SSR, Kiyev 


HE question of the effect of forest vegetation 

on soil formation processes has continued 
to attract the attention of many investigators. 
In the last few years the old views have been 
reviewed and made more realistic because of 
the manifold investigations of the interrelation 
between woody vegetation and soils (10, 5, 9, 
2, 3, 1, 7, 8, 4 and others). But, as S. V. Zonn 
(2, 3) correctly states, there are still not enough 
data on the effect of different species on the 
physical and physicochemical properties of pod- 
zolic soils in different types of forests. 

We have obtained some material on the effect 
of planting individual species of trees on the 
physical and physicochemical properties of dif- 
ferent soils in young pine-oak plantations (Vs), 
young mixed stand (S.) and young oak stand 
(D.). The work was carried out at the Forest 
Institute, Academy of Sciences, Ukrainian SSR 
from 1951 to 1956, imelusive, on pure planta- 
tions of Scotch pine, European white birch, 
spruce, Lariz decidua, English oak and a series 
of mixed coniferous-broad-leaved and broad- 
leaved plantations 40 to 60 years old (in the 
Kiyev, Volynsk and Khmelnits regions, Ukrain- 
ian SSR). In 1955, supplementary investiga- 
tions were made of sixteen pure plantings of 
six-year-old species of trees: English oak, red 
oak, mountain oak, European white birch, horn- 
beam, black locust, honey locust, Tilia cordata 
Miull., Norway and silver maple, wild pear and 
western beech at the Goloseyeyv Scientific Ex- 
perimental Base, Forest Institute, Academy of 
Sciences, Ukrainian SSR. 

Within each forest type the plantings inves- 
tigated grow on one or more different soils— 
young pine-oak plantations on sod slightly-pod- 
zolic clay sandy soils and sod slightly-podzolic 
gley sandy soils, and young mixed stand on sod- 
podzolic loamy sand soils, sod medium-podzolic 
sandy loam soils and thick, low-humus, leached 
sult loam chernozem. 

The investigations were carried out according 
to the following method. In each forest type 
on uniform soils, pure and mixed plantings of 
the species previously listed were selected on 
an area totalling 1.5 to 15 hectares. In each 
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planting a test area was laid out of 0.25 to 
hectares, along with the others, for the s¢ 
investigations. Detailed descriptions were ma 
of the morphological soil characteristics, 
woody vegetation and the geomorphology. Se 
samples for analysis were taken from depths | 
0 to 10, 10 to 20, 30 to 40, 50 to 60, 70 to 
and 100 to 110 cm. In a few cases samples we! 
taken from a depth of 180 cm. } 

The following soil properties were dete 
mined: bulk density under field condition 
using a 1000 cm.* steel cylinder; specific grayi 
of the solid phase, pyenometrically; pore space 
hygroscopic coefficient (by A. N. Nikolayey 
method); water infiltration under field cond 
tions (by P. S. Pogrebnyak’s method). 

Of the physicochemical indices of soil fertility 
the following were determined: the pH of wate 
and salt extracts (electrometrically); the hy 
drolytic acidity and total adsorbed catior 
(Kapen’s method) ; adsorption capacity; degre 
of cation saturation; humus content (I. | 
Tyurin’s method); water-soluble humus (Kt 
belya-Timan’s method); water-soluble calciur 
and magnesium (with Trilon B) ; total nitroge 
(Kjeldahl’s method); phosphorus (Neiman 
method). 

Simultaneously, studies were made of th 
amount of litter in the plantations, its decon 
position rate and the nitrogen and phosphoru 
content in the litter components. 


Effect of Plantations on the Physical | 
Soi Properties 


The data i Table 1 show that the physics 
soil properties are affected by the tree specie 
and by the duration of their action on the soi 
The effect of plantations of some species 0 
the physical soil properties in all forest type 
develops most clearly in the top 10 cm. layel 
Thus, the bulk volume of the soil under pur 
pine plantations is 1.49; where birch is pre 
dominant it is 1.35; oak, 1.30; a mixture 7 
which oak is dominant (7 oak, 2 pine, 1 birch) 
1.17. The water intake rate at the same dept 
(in mm. per hour) is: under birch, 101; unde 
oak, 127; under a pine-oak-birch plantatior 


TABLE 1 
Effect of plantations of differing composition 


in 


EFFECT OF TREE SPECIES ON SOIL 


on some physical soil properties 


| awe Particle Total 
omposition and age| ~° density pore space 
of plantation Spore lars 3 Ss 
ti/2/2/z\s\slzi sig 


Sod slightly-podzolic gley soil, forest type V2 


| 
— pine (thinned 


stand) 8 years old 
0 pine (dense stand) 
8 years old 1.48)1.54/1.51/2.63/2.64|2.65/43.7/41.6/43.0 
0 pine, 45 years old |1.39/1.58/1.44/2.60/2.62/2.62/46.5/39.6/45.0 


1.54)1.57)1.70|2.62|2.65/2.66)/41.2/40.7/36.0 


Sod slightly-podzolic clay sandy soil, forest type V2 


0 pine, 30 years old |1.49/1.59/1.64/2.60/2.62/2.63/42.6/39.3/37.6 

) birch, 3 oak, 2 pine, 
30 years old 

0 oak, 35 years old 

‘oak, 2 pine, 1 birch, 

40 years old 


1.35|1.46)1.60}2.59)/2.62|2.65/47.9/44.3/44.5 
1.30/1.50)1.48/2.57/2.62/2.63/49.4/42.7/43.7 


1.17|1.46/1.54|2.57/2.64/2.62/54.5/44.7/41.2 


Leached low-humus chernozem, forest type D2 


0 pine, 100 years old |1.04/1.19/1.18}2.48|2.58/2.59|/58.0)/53.8)54.4 
0 birch, 80 years old |0.91/1.07/1.10/2.45/2.49|2.56/62.9/57.0/57.0 
Qoak, 100 yearsold |0.92/1.11/1.16/2.50/2.53|2.57/63.2/56.1|54.9 

1.16)1.29]1.17)2.52|2.52/2.54/55.7/47.6/51.9 


32; and under pure pine, 329. Broadleaf spe- 
ies (birch and oak) are able to decrease the 
ater intake rate in the upper soil layers. This 
should be considered a favorable effect on coarse- 
textured sod slightly-podzolic soils. Pure pine 
lantations also decrease the water intake rate 
f the upper layers of sod slightly-podzolic gley 
andy soils in comparison to non-forested tracts 
(fields, 528 mm. per hour; an eight-year-old 
dense pine plantation, 194; a 45-year-old nat- 
ural pine plantation, 167). 

In the young pine-oak plantation, no direct 
relation was established on sod slightly-podzolic 
ley sandy and clay sandy soils between the 
ater intake rate and the pore space, especially 
the macro pore space; such a relation is very 
haracteristic of young mixed stand and young 
ak stand on sod medium-podzolic sandy loams 
r thick low-humus leached chernozem. We 
ave little data to explain the absence of such 
relation. We can suggest that tree vegetation 
on coarse-textured soils, with the help of its 
root system and leaf litter, accumulates in the 
upper soil layer those elements which permit 
the synthesis of secondary minerals (including 
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clay minerals) and organic matter which cause 
an increase in the water-retaining capacity and 
a decrease in the soil’s water rate. To confirm 
this we may cite the increasing hygroscopic co- 
efficient of the top 10 em. soil layer beginning 
with that of non-forested tracts (0.86 milli- 
grams percent) and passing through pure pine 
(0.91 to 1.52), oak and birch (1.74 to 4.83) to 
mixed broadleaf-coniferous plantations (2.07 to 
Dul2) 

The effect of planting individual tree species 
on the physicochemical indices of soil fertility 
in young pine-oak plantations and mixed stand 
develops conspicuously. The indices of the fa- 
vorable effects of tree species increase in the 
same order (Table 2) as in respect to the 
physical properties of soils (Table 1). The 
humus content in the upper 10 cm. layer of the 
soil increases under mixed pine-oak-birch plant- 
ings in the V, forest type to 1.82%, the total 
of adsorbed cations increases correspondingly 
from 0.75 to 3.93 milliequivalents per 100 grams 
of soil and the degree of cation saturation from 
17 to 67%. 

In the young mixed forest type the effect. of 


TABLE 2 


Effect of pure and mixed plantations on the 
physicochemical indices of soil fertilitity 


Degree of 
Humus, | pH of water |°2ttom satura- 
ae percent extract tion of soil, 
Composition | Age, meq./100 g. 
of plantation | years of soil 
ENR Se Sale a ey 
Ei/sisitislel|siale 


Sod slightly-podzolie clay sandy soil, forest type V2 


10 pine 30 = -/|1.44/0.85/0.61} 4.9} 5.3) 5.1/16.8] 6.4] 0.0 
10 birch 25 = |1.66/1.02/0.44) 5.3) 5.5! 5.6/37.6/17.6] 0.0 
5 pine, 3 oak, 

2 birch 60 /1.82/0.74|0.77) 6.1) 6.1) 5.0)66.7/46.1| 0.0 


Sod medium-podzolic satdy loam soil, forest type S2 


10 larch 60 =/1.84/0.92/0.46) 5.2) 5.2) 5.7/42.7/41.2/68.3 
10 pine 60 |2.20/1.09/0.68) 5.5) 5.2) 5.6/57.0/50.0/82.0 
10 spruce 60 |2.91)1.75}0.60) 5.2) 4.9] 6.1/44.7/27.4/72.4 
4 larch, 4 oak, 

2 spruce 60 |4.11/1.25)0.92) 5.7) 5.5) 5.1/72.6/67.4/58.8 
Field 1.58/1.42/0.58] 6.0) 5.7) 5.8/63.1/59.0)/72.0 


Thick, low-humus leached chernozem, forest type D2 


10 larch 60 = |7.04/4.95/3.44| 5.8) 5.8) 5.8)76.8)76.9/74.2 
10 oak 50 = -|7.36|/5.29/4.43) 5.8) 5.8) 5.5/79.1/76.5|/70.6 
Field 4.34/4.59/4.18| 5.8) 5.9] 6.2)77.6)79.5/87.9 


632 


the plantings on the soil depends equally on 
the tree species and on the kind of soil. The 
humus content of the upper 10 cm. layer of a 
sod medium-podzolic sandy loam soil under 
larch is 1.84; under pine, 2.20; under spruce, 
2.91; in a field, 1.58%. On a finer-textured soil 
(thick, low-humus leached chernozem) the ef- 
fect of different species develops even more 
strongly. The percentage of humus in the soil 
of a field was 4.34; under larch, 7.04, under oak, 
7.36: that is, the humus content in the upper 
soil layer almost doubled under plantings of 
larch and oak. 

Mixed young pine-oak plantings and young 
mixed stand exert an especially favorable ef- 
fect on soil fertility. 

It is characteristic that artificial and natural 
plantations of different tree species develop an 
ameliorative effect on the soil only from the 
moment when their crowns join (become con- 
tinuous) and they form litter. Evidence for 
this is the data from investigations of the six- 
teen species of trees planted in a checkerboard 
pattern. If these species are listed in order of 
decreasing effect on sod-podzolic loamy sand, 
the following series is obtamed: ordinary ash, 
silver maple, European spruce, wild pear, honey 
locust, hornbeam, black locust, mountain oak, 
Tilia cordata, English oak, western beech, Nor- 
way maple, European white birch, red oak, 
Banks’ pine and Scotch pine. 

The effect of some tree species on soils of 
different forest types is closely related to the 
rate of the biological cycle of nutrients. The 
rate of the cycle in each of the plantations can 
be judged by the accumulation and decomposi- 
tion of the forest litter, consisting mostly of 
leaves or needles (75 to 90%) which contain 


TABLE 3 
Effect of pure and mixed plantings on the supply 
of litter containing ash, phosphorus and nitro- 
gen, kilograms per hectare, of forest type Vo 


Composition of planting 
El 

ements , 7 oak | 5 birch} 5 pine 

10 pine |10 birch} 10 oak | 2 pine | 3 oak | 3 oak 

1 birch | 2 pine | 2 birch 

Litter 25,333" |12,8789 |11,933 |11,856 |14,158 |24,2328 
Ash 3,796 | 1,892" | 1,442 1,493 1,521 4,724% 
P205 48.1 35.0 30.6 27.1 32.6 53.3 
Nitrogen 315.4 239.9 177.3 165.4 224.7 343.5 


® According to data from A. K, Koyaleyskiy. 
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TABLE 4 

Effect of pure and mixed plantings on the nitroge’ 
content of a sod slightly-podzolic clay sandy 
soil, metric tons per hectare, of type Vo 


forest 
Soil layers, centimeters 
Composition ; 
0-3 | 3-10 | 10-20 | 20-40 | Tort 
10 pine 0.41 | 0.71 | 0.40 | 0.80 | 2.3 
10 oak 0.69 | 0.56 | 0.62 | 0.66 | 2.53 
10 birch 0.59 | 0.61 | 0.80 | 1.04 | 3.04 
7 oak, 2 pine, 1 
birch 0.60 | 0.66 | 0.60 | 0.80 | 2.66 
5 birch, 3 oak, 
2 pine 0.41 | 0.75 | 0.85 | 0.67 | 2.68: 
5 pine, 3 oak, 2 
birch 1.07 | 1.09 | 0.65 | 0.80 


valuable supplies of nutrients. Nitrogen anc 
phosphorus are the most important (Table 3). 

From the data of Table 3 we conclude that 
the litter of pure plantings of pine (or of mixed 
coniferous-broad-leaved species in which pine is 
predominant) retain 60 to 100% more phos- 
phorus and nitrogen than does the litter of 
pure broad-leaved plantings (birch, oak) or of 
mixed coniferous-broad-leaved plantings with 
predominance of broad-leaved types. Plantings 
of pure broad-leaved species, or of mixtures im 
which they predominate, liberate phosphorus 
and nitrogen from the litter half again to twice 
as rapidly, and by this means accelerate the 
cycle of these valuable nutrient elements be- 
tween the plants and the soil, continuously re- 
establishing and supplementing the nutrient 
supply. 

According to Table 4, the soil’s nitrogen con- 
tent clearly shows the effect on it of certain 
species. The broad-leaved species (birch and 
oak) which enter into the composition of the 
coniferous plantings in the pine-oak plantations 
are very important in soil improvement. 

The liberation of nutrients from the litter, 
their use by plants and their intake into the 
soil are irregular during the growing period 
(Figs. 1, 2 and 3). The litter of pure broad- 
leaved and mixed coniferous-broad-leaved plant- 
ings is notable for its high content of nitrogen 
and phosphorus during the entire growing sea- 
son, with characteristic maxima and minima. 
The maximum nitrogen content of the litter is 
in June and September; that of phosphorus is 
in September and November. The quantity of 


} 
trogen in the soil under the same plantings is 
‘kpressed by an M-shaped curve with char- 
sent minima in June and September, just 
‘hen the nitrogen content of the litter reaches 
's maxima. 
iA similar pattern of the content of soil nu- 
rients was observed in the soils of the Teller- 
anoy Hxperimental Forestry District by A. 
Tyulin and K. G. Shcherbina (11). 
| We agree with A. M. Zrazhevskiy, who says 
hat loss of nitrogen from the upper soil layers 
jurmg the summer months is related to the 
ynamics of the mesofauna. The minimum soil 
fitrogen content (which is maximum in the 
\tter) is observed during the driest period— 
ioe July to September—when the mesofauna 
faves the litter and the upper soil layer and 
eparts to deeper layers. Evidently the decrease 
nN nitrogen content at this time takes place be- 
og of its accumulation in protein form in 
1 


ne bodies of organisms. 


Conclusions 


1. The effect of plantations of some tree spe- 
ies on the physical and physicochemical soil 
\roperties in young pine-oak stands and young 
hixed-stand is clearly differentiated. The effect 
} determined by the tree species and the soil 
ype. 
| 2. In the pine-oak type of forest, the physical 
oil properties change under plantings of in- 
ida species, just as they do in the mixed 
tand and oak stands (except for the perme- 
bility), but the absolute values of these 
‘arameters in pine-oak plantings change con- 
iderably less than in oak groves. ; 

3. In pine-oak plantations and in mixed- 
tand, the favorable effect of the plantings on the 
hysicochemical soil properties increases in a 
eries beginning with pure pine, larch and spruce 
tands, followed by pure broad-leaved stands and 
a by mixing coniferous-broad-leaved plant- 
ags of differing composition. 

4. The favorable effect of the plantings of 
dividual tree species grows stronger with age 
nd density of the canopies. The earlier the 
ee crowns touch each other, the more quickly 
ey form forest litter, root litter, and so forth. 
dividual types of trees in young mixed stand 
6 to 8 years old) form the following ascending 
eries with respect to a favorable effect on the 
oils: Banks’ pine, red oak, Scotch pine, spruce 


EFFECT OF TREE SPECIES ON SOIL 


633 


. 7 
N% Horizon Ag Horizon Az 


00 
Sept. Nov 
Months 


Apr. June Apr. June Sept. Nov. 


Months 


Fic. 1—Effect of plantings of different com- 
positions on the total nitrogen content of the 
litter. Plantings: 1—pure pine; 2—pure oak; 3— 
pure birch; 4—mixed pine-oak-birch. 
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Fic. 2—The effect of plantings of different 
compositions on the phosphorus content of the 
litter. (Symbols as in Fig. 1) 
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Fic. 3—Effect of plantings of different com- 
positions on the total nitrogen content of a sod- 
podzolic clay-sandy soil. (Symbols as in Fig. 1) 


and Lari decidua, European white birch, Nor- 
way and silver maple, western beech, English 
oak and mountain oak, Tilia cordata, black 
locust, honey locust, wild pear and taller ash. 

5. Within each forest type, the favorable ef- 
fect of individual tree species develops more 
clearly and extensively as the soil on which they 
grow has finer texture. 
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6. The conclusions of P. S. Pogrebnyak (5) 
and §. V. Zonn (3) regarding the soil-improving 
role of oak and birch in forests of the pine-oak 
type have been confirmed, as have N. P. 
Remezoy’s conclusions regarding the increase in 
rate of the biological cycle in proportion to the 
extent of participation of broad-leaved species 
in coniferous plantations. 

7. We have shown specific dynamic charac- 
teristics of the nitrogen and phosphorus in the 
litter and of the soil nitrogen under pure plant- 
ings of pine, birch, oak and mixed coniferous- 
broad-leaved plantings on sod slightly-podzolic 
clay sandy soils. The data obtained correspond 
to the regular patterns established by A. F. 
Tyulin and K. G. Shcherbina (11) im studying 
oak plantations in the Tellermanov Forestry 
District. 


Received June 7, 1956 
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NDERLAIN BY GRAVEL AND SOME OF THEIR SPECIFIC 
RIGATIONAL CHARACTERISTICS 


ornare OF PLANT ROOT SYSTEMS IN SOILS 


.R. Zaydel’man, The Republic State Institute for Design and Planning of Water Resources 


and Melioration Development 


HE improvement of properties of soils which 
{lL are closely underlain by alluvial gravel have 
ben very little studied up to the present. Fur- 
her, tens of thousands of hectares of such lands 
| the foothill and mountain regions of Siberia 
Altay, Khakasstya, Tuva and others) have 
ta reclaimed or will shortly be included in 
rigated agriculture. Under the arid climatic 
bnditions of these regions, the prospects of 
fs aona reclamation of such soils (often the 
ple cultivable resources of collective farms, 
late farms and individual districts) are related 

their high natural fertility, to the favorable 
blief conditions of the flood-plain terraces of 
ver valleys, and to the nearness of water 
urces. Further, when the zonal soils, closely 
nderlain by gravel, are irrigated, they do not 
3; a rule undergo salinization or become 
wampy. The absence of information charac- 
rizing these soils makes it difficult to plan, 
(mld and reap the benefits of irrigation sys- 
ms and, in a number of cases, impairs the 
EP binic effectiveness of soil improvement. 
In this connection the author carried out in- 
estigations from 1953 to 1956 in Tuva to cal- 
ulate irrigation rates for soils closely underlain 
ly gravel deposits. 
A study of the specific biological character- 
tics of the plants increases knowledge of the 
ul properties. This is related to the fact that 
All the peculiarities of the soil are unalterably 
xpressed in the development of plants and es- 
ecially of their roots; you can reconstruct the 
i of the soil according to the root sys- 
om” (5). However, to date, investigators have 
ot studied the root distribution along the pro- 
le of such soils. In addition, investigative re- 
uts would provide a convincing answer to 
thether the gravel layer should be considered 
nly as underlying rock or whether this specific 
vyer should be associated with the soil horizons. 
nvestigations were made of the root system 
istribution along the profiles of these soils of 
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three plant groups: 1) natural grass-Artemisia 
associations; 2) yellow alfalfa and 3) spring 
wheat (Multurum 331) grown under both dry- 
farming and irrigated conditions. 

We concentrated on clarifying the specific dis- 
tribution characteristics of the plant root sys- 
tems in undeveloped (gravel 20 to 40 cm. deep) 
and shallow (gravel 40 to 80 cm. deep) profiles 
of chestnut soils because two of these plant va- 
rieties usually occupy most of the area on large 
tracts of land having soils closely underlain by 
gravel. No detailed investigations were made of 
gravelly soil (gravel from 0 to 20 em.) or of 
soils with complete profiles, since gravelly soils 
are excluded from irrigation and, because of the 
considerable thickness of the regular soil layer, 
the full-profile soils can contain within them- 
selves practically the entire roots of crop plants. 

Root residues and live roots were separated 
from the large soil samples which had usually 
been taken along the entire horizon. (The 
method of root separation was taken from ref- 
erences [5] and [8].) Dividing the roots into 
live and dead fractions was undertaken only for 
spring wheat, the most important crop in Tuva, 
Khakassiya and other Siberian regions. 

There are statements in the literature (7) 
regarding the interrelation between the total 
quantity of root residues (live and dead roots) 
and the quantity of live roots. This makes it 
possible to judge with some accuracy the dis- 
tribution of live roots in the soil horizons ac- 
cording to the content of root residues. 

The distribution of root systems of Artemisia- 
grass plant associations was studied on the 
Barlyk and Ayangatin steppes in soils which dif- 
fered lithologically. The regular soil layers of 
the tracts characterized by profiles 9 and 10 
were composed of fine clay loams or medium 
clay loams directly overlying gravel. The gravel 
contained 17.6 and 23.9% by weight of the root 
residues of the natural Artemisia-grass vegeta- 
tion. 
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The high content of root residues per unit 
volume of gravel is noteworthy. It proved either 
to be close to the root residue content of the 
regular soil overlying the gravel, or to exceed it. 

In profile 16 the weight of the root residues 
in the layer of regular soil overlying the gravel 
was 1.57 grams per liter, while in the gravel 
layer it was 1.30 and in profile 9 the correspond- 
ing figures were 0.75 and 0.81. If it is considered 
that the roots are distributed only in the regular 
soil which fills up the interstices between the 
gravels and a correction is introduced for the 
volume occupied by the gravel, then the root 
residue content in the upper layer of gravel per 
unit volume becomes 1.6 times as great in pro- 
file 9 and 2.1 times as great in profile 16. The 
high root residue content was not noted in all 
the gravel layers. Mostly the root systems took 
in a superficial layer of gravel up to 30 cm. 
thick. There were almost no root residues in 
the underlying gravel layers. 

The considerable distribution of roots m the 
upper gravel layer was only observed when the 
entire soil profile was made up of clay loams or 
loamy sand. But if there was a layer of sand 
between the clay loam or sandy loam horizon 
and the gravel, then the plant roots in the upper 
layer of gravel did not develop noticeably. 

The virgin chestnut medium clay loams were 
characterized in this case by a 22 cm. interlayer 
of sand lying between the clay loam and the 
gravel. The root content of the upper layer of 
gravel proved to be twice as small as in the 
overlying sandy layer and amounted to only 
0.8% of the total weight of the roots. There were 
no root residues in the underlying gravel layers. 
With this information, we can recognize the up- 
per gravel layers as part of the root zone, pro- 
vided the gravel is directly overlain by loam or 
loamy sand. In soils haying such lithology the 
upper gravel layer contains as many (or often 
more) root residues as the overlying layers of 
regular soil. 

From these specific distribution characteris- 
tics of the root residues of natural vegetation 
we assume that in gravelly soils and loamy and 
loam sandy soils with shallow and undeveloped 
profiles, the root systems of cultivated plants 
will in some degree take in the upper layer of 
gravel. In this connection Weaver’s work (8) is 
noteworthy. He investigated the root systems of 
the cultivated and natural vegetation of actual 
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and mixed grassland and came to the conelusi 
that wild plants show the same regular patten 
as do the cultivated ones, so that within certs 
limits the wild plants may serve as indicat 
for habitats to be encountered by the cultivat 
plants. 

A study of the root system distribution — 
wheat grown under dry-farming conditions — 
chestnut soils with shallow profiles showed th 
the upper layer of gravel was inhabited by roc 
and contained the same quantity as the imm 
diately overlying soil horizon both of live roc 
(0.16 to 0.17 grams per liter) and of root res 
dues (0.65 to 0.75 grams per liter). The ro 
content of the deeper gravel layers (60 to 
em.) was negligible: the total live and de: 
roots here was only 0.4% and the quantity 
live roots was 0.8% of their total weight. | 

The considerable development of the root sy 
tem in the upper gravel layer of meadow ches 
nut clay loam was also investigated for yello 
alfalfa. The alfalfa root system was characte 
ized by especially strong development in tl 
upper gravel layer (2.38 grams per liter). On 
in the plow layer did the root residue prove 1 
be higher than in the upper gravel layer. 

All the grasses considered previously we 
grown on dry land of flood-plain terraces. Hoy 
ever, continuous agriculture under the climat 
conditions existing in Khakassiya, Altay, Tuy 
and other regions is possible only with irrig 
tion. This makes it necessary to study the di 
tribution of the roots of the crop which is bas 
for this districts—spring wheat—under irrigate 
conditions. Such investigations were carried o1 
on the Sut-Khol’sk steppe on irrigated chestni 
soils which were uniform with respect to the 
chemical and physical properties and to tk 
agricultural methods used and which were uw 
derlain by gravel at depths of 10, 40, 66 an 
115 em. Figure 1 shows how the root system 
of irrigated wheat on gravelly soils (profile 1§ 
and soils with undeveloped and shallow profil 
(profiles 19 and 20) develop not only in tl 
regular soil horizons, but also in the uppé 
gravel layer. This phenomenon is noted mostl 
in gravelly soils (36% of the total weight ¢ 
root residues). On soils with undeveloped an 
shallow profiles the root residue content in tk 
gravel amounted to 14.7% and 3.2%. No roc 
residues were detected in the upper layer of th 
gravel in soils with a full profile. Thus, th 
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Fig. 1. 


Root system distribution of irrigated spring wheat in chestnut fine clay loam and 
coarse clay loam underlain by gravel at different depths. Sut-Khol’sk steppe, Tuva Autono- 
| _. mous Region. Content of root residues (blank outline) and of live roots (blacked-in outline) 
| in the soil horizons (grams per liter). a—Chestnut fine clay loam gravelly soil (profile 21) ; 
b—chestnut fine clay loam soil with an undeveloped profile (profile 19); c—chestnut coarse 


| clay soil with a shallow profile (profile 20); d—chestnut coarse clay soil with a full profile 


(profile 21). 


Texture symbols: 1—coarse clay or fine clay loam; 2—gravel filled in with loamy sand or 


clay loam ; 3—gravel filled in with sand. 


eeper the gravel lies, the fewer roots grow in 
‘Ss upper layer. 

The regular development patterns noted ear- 
er for root systems of natural vegetation in 

ils closely underlain by gravel held true also 

r irrigated spring wheat. The amount of roots 

1 the upper gravel layer per unit volume was 
lose to that of the regular soil horizon over- 
ving the gravel. For example, in soils with an 
| developed profile there were 1.17 grams per lit- 
er in the gravel and 1.19 in the overlying reg- 
lar soil horizon (profile 19); the corresponding 
gures for soils with a shallow profile were 0.34 
nd 0.45 grams per liter (profile 21). 
The investigation of the root systems of ir- 
igated spring wheat was accompanied by cal- 
ulation of the root residues and live roots. 
‘here were more roots per unit volume in the 
egular soil filling the interstices between the 
ravel and the upper layer of the gravel deposits 
profiles 20 and 21) than in the overlying reg- 
lar soil layers. 

The data on the percentage of roots obtained 
1 calculating the root residues appear to be 
lightly higher for the upper horizons and lower 
or the lower ones. This is caused by the rela- 
ively higher content of dead roots in the upper 
oil horizons. A better concept of root distribu- 
ion can be obtained by calculating only the live 
oot total instead of the total root residues. 
“hus, 14.7% of the roots were contained in the 
pper gravel layer of soils with undeveloped 


profiles, judging by the quantity of root resi- 
dues. But calculating only the live roots, it ap- 
peared that more than 28% of the total mass 
of roots was located in this horizon. In soils with 
a shallow profile the root content of the upper 
gravel layer was 3.2% on the basis of the root 
residues and 9.7% on the basis of the weight of 
the live roots. 

Conditions favorable for plants are caused by 
the intensive development of roots in the upper 
gravel layer of clay, clay loam and sandy loam 
soils. It has previously been shown that the up- 
per gravel layer, unlike the lower-lying layers, 
has a high moisture capacity, a broad range of 
available moisture, finer texture than the regu- 
lar soil filler, favorable aeration and other fa- 
vorable physical and hydrophysical properties 
(4). 

The pore space of the regular soil, which is 
usually clay loam or sandy loam and which fills 
the interstices between the pebbles in this layer, 
approaches the pore space of the regular soil 
horizon next to the gravel. In the underlying 
gravel layers the pore space of the regular soil 
filler (sand) increases sharply. Thus, it is di- 
rectly in the upper layer of gravel that accu- 
mulation of moisture is possible because of cap- 
illarity. This was shown experimentally by the 
well-known research of A. F. Lebedev (6) on 
models of clay loam underlain by sand. Evi- 
dently, some of the moisture accumulation in 
the upper gravel layer is due to condensation. 
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TABLE 1 


Content of humus, phosphorus and potassium in chestnut clay loam and coarse clay loam 
soils closely underlain by gravel. Sut-Khol’sk steppe, Tuva Autonomous Region 
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Pree icy cub |e Briet itholagical denenmeiovee Humus, %, | (yanov’s | (Machish 
*Feapect ta dopa ae earizone . Horizon Depth, cm. ey method) methaull 
gravel mg. per 100 grams of so 
Profile 18 Fine clay loam Ap 2-9 2.57 12.5 
Gravelly soil Top gravel layer filled up 
with coarse clay loam BiD 13-23 2.95 8.5 
Gravel filled up with sand | D 37-50 0.23 3.4 
Profile 19 Coarse clay loam Ap 5-15 3.16 12.8 
ee os fs Bi 38-39 1.74 9.2 
Soil with unde- | Top gravel layer filled up 
veloped profile with sandy loam BD 43-53 1.38 9.1 
Gravel filled up with sand | D 73-81 0.11 3.4 
Profile 20 Coarse clay loam A» 5-15 3.32 11.0 
Soil with shallow | Top gravel layer filled up : 
profile with coarse clay loam CD 69-75 INeO7 6.4 , 
Gravel filled up with sand | D 85-95 0.14 3.0 — | 
Profile 21 Coarse clay Ap 5-15 2.72 8.5 8.15: 
Soil with full pro- oS Re Bi 35-45 1.79 5.8 5.9 
file oa es Bz 55-65 1.01 8.5 = 
ne ie B.C 73-83 . 0.98 7.8 — 
ee he Cc 90-100 0.68 fe) = 


Further, in the regular soil of the upper gravel 
layer there are almost the same amounts of hu- 
mus, phosphorus and potassium accessible to 
plants as in the overlying regular soil horizons 
(Table 1). 

The data of Table 1 show that the upper 
horizon of the gravel deposits in gravelly soils 
and in soils with shallow and undeveloped pro- 
files having clay, clay loam and loamy sand is 
one of the soil horizons. The lower-lying gravel 
layers into which the plant root systems do not 
penetrate should be assigned to the underlying 
rock. Obviously the upper gravel layer should 
also be assigned to the underlying rock when 
there is an interlayer of sand between the clay 
loam soil horizons and the gravel. Under such 
lithological conditions plant roots develop neg- 
ligibly in the gravel. 

“The considerable moisture capacity of the 
regular soil filling in the upper gravel layer, the 
wide range of available moisture and the favor- 
able aeration justify the use of such irrigation 
rates as will moisten not only the regular soil 
horizons but also the upper root-containing 
gravel layer. 

The moisture capacity and the amount of 
regular soil contained in the upper gravel layer, 
as well as the thickness of this horizon, are dif- 
ferent in each actual case. Therefore moisture 
properties should be investigated along the en- 
tire profile, including not only the regular soil 


horizons but also those with a high concentrs 
tion of gravel. | 
Under the conditions of the mountain regior 
of Siberia (Khakassiya, Tuva and others), th 
average irrigation rates for moistening all of th 
root-containing horizons of such soils (thos 
containing both regular soil and gravel) shoul 
be increased by 15 to 25% (50 to 120 m+ pe 
hectare) over the rates preferred for moistenin 
only the regular soil horizons. However, a fin: 
judgment of such an increase in the irrigatio 
rates can only be made after studying the que: 
tion in experiments with agricultural plants. Fe 
this purpose four plots were laid out on the Sut 
Khol’sk steppe on a production field of th 
“Stalinskiy put” collective farm, located on 
flood-plain terrace of the Khemchuk River wit 
uniform climatic, hydrogeological and soil con 
ditions (chestnut medium clay loam). Three ¢ 
the basic plots were laid on soils with a shalloy 
profile (gravel at a depth of 46 cm.) and one o 
soil with a full profile (gravel at a depth of 10 
em.). Each plot consisted of three irrigatio 
sub-plots, each 3.6 m. wide and 50 m. long. Th 
two outside sub-plots had a protective functior 
The middle one was experimental. The sub-plot 
were watered from a temporary irrigation mait 
The field on which the plots were laid out wa 
watered once before the beginning of the ob 
servations in spring, before the sowing. All th 
wheat was sowed by a multiple seeder in row 
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s than 8 cm. apart at a rate of 1.2 centners 
r hectare. 
'The amount of water used in irrigating each 
b-plot was measured by the use of two trape- 
idal turnouts on 20 em. bases. The sowings 
re in uniform condition during the growing 
‘riod on all the plots before the irrigation. 
eld moisture capacity, bulk density and soil 
isture were determined on each plot before 
jgating. To study the effectiveness of the ir- 
ation rates calculated to moisten the regular 
il and the root-containing portions of the 
‘avel horizon, irrigation of the wheat sowings 
) the experimental plots was in the following 
lie: 
Water ‘was applied to plots 1 (gravel at a 
‘pth of 46 em.) and 4 (gravel at a depth of 100 
) at a rate which would moisten only the 
gular soil horizons to field moisture capacity. 
rigation of plot 2 (gravel at a depth of 46 
.) was planned at a rate which would moisten 
th the regular soil horizons and the root-con- 
ining gravel layer. During the growing period 
ots 1, 2 and 4 were watered once, at the be- 
ning of spiking, June 27 to 30, 1955. Plot 3 
ravel at a depth of 46 cm.) was not irrigated 
wing the growing period. 
‘Moisture was determined 24 hours after wa- 
ring the shallow soil profiles and 48 hours 
ter watering soils with the full profile. After 
igation, the moisture storage in the entire 
ie of regular soil, both on the full and 
i the shallow profiles (plots 1, 2 and 4) was 94 
1 98% of field capacity. On the dry-land plot, 
this value did not exceed 32.6% (Table 2). 
‘Table 2 shows that after irrigation the two 
sic experimental plots (1 and 2) had similar 
‘oisture storage in all the clay loam horizons. 
The soil auger method of sampling permitted 
BB Notermmshations of the moisture content of 
‘e regular soil in the upper gravel layer. How- 
er, the distribution of moisture by horizons on 
ot 2 showed that the irrigation also moistened 
is layer of the soil to field capacity. Thus, the 
le difference in the conditions under which the 
eat developed consisted in the moistening, on 
ot 2, of the upper gravel layer. This was fa- 
wrably reflected on the development of the 
wing and accounted for the production of an 
stra 2.6 centners per hectare. 
If we consider the grain crop on the dry-land 
‘ot, 3, as 100% (at 8.2 centners per hectare), 
len moistening the entire thickness of the reg- 
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ular soil in the case under consideration (plot 
1) caused the crop (11.3 centners per hectare) 
crop to increase by 34%, while moistening the 
regular soil and the gravel layer too (plot 2) 
caused a 697% increase (to 13.9 centners per 
hectare). An extra 35% was produced by mois- 
tening the upper gravel layer. 

To study the dynamics of a change in the 
moisture storage with such irrigation, the fol- 
lowing observations were made: Two 2 x 2 m. 
areas were laid out on soils with shallow profiles 
(gravel at a depth of 46 cm.). The plant cover 
was retained on these areas. One of these areas 
was irrigated at a rate calculated to moisten 
only the regular soil layer, while the other was 
irrigated at a rate calculated to moisten both the 
regular soil and the upper gravel layer. 

Figure 2 shows that 48 hours after irrigation, 
the moisture storage in the regular soil horizons 
was the same on the control and experimental 
areas (81.0 and 82.0% of field moisture capac- 
ity). (Actually, the drawing shows only the 
change in the moisture storage in the regular soil 
horizons, since the presence of large stones in 
the gravel layer prevented moisture determina- 
tions requiring sampling with a soil auger.) As 
a result of the loss of suction and of physical 
evaporation the moisture storage of the control 
and experimental areas decreased by 17 to 18% 
by July 19, 1955. 

Investigations by M. M. Abramova (2) 
showed that a decrease in the soil moisture to 


TABLE 2 


Moisture of chestnut soil with a shallow profile 24 
hours after irrigating plots 1, 2 and 3 


Plot 2, June 29, 
feoeuee, As Irrigation | pio¢'3, June 27, 
calculated to sale ee 1955. Dry-land 
moisten only regular soi anal treatment 
Depth regular soil top gravel layer 
in cm, 
» 2 mks) Ly o ue » o aS) 
Oe] Se |os2e| Se] os Fel S28] es 
STH pe Re |e [ses pe |e js 
0-5 18.9 18.6 12.9 
5-10 19.4 19.1 11.0 
0-10 19.1) 244.0/95.3]18.8) 240.0) 93.7}11.9} 152.0) 59.4 
10-20 19.3] 272.0/93.7/19.5) 275.0} 94.8) 6.1) 86.0] 29.7 
20-30 17.1] 241.0/96.0/17.9) 252.0) 100.3) 3.7| 52.0) 20.7 
30-46 16.5] 362.0/94.4/17.6} 385.0} 100.1] 4.4) 95.0) 24.7 
Moisture 
storage in 
regular 
soil layer 1119.0)94.7} — |1152.0) 97.7) — | 385.0) 32.6 


Moisture storage as % of field capacity 
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Fig. 2—Change in soil moisture storage in the 
study of the effectiveness of irrigation rates in- 
tended to moisten the root zones in the regular 
soil and gravel horizons. Symbols. Soil-moisture 
storage in the plots from initial moistening to 
field capacity: 1—AIl the regular soil plus the top 
gravel layer; 2—regular soil only; 3—evapora- 
tion; 4—precipitation. The plots were sowed with 
spring wheat. 


65 to 70% of field capacity is accompanied by a 
qualitative change in the condition of the soil 
moisture. In this case the moisture loses its ca- 
pacity for capillary movement and becomes less 
accessible to plants. We therefore consider that 
65% of the field moisture capacity is the lower 
limit of the soil moisture which is optimal for 
plants. Thus, on the control area, the decrease in 
soil moisture across the interval from field ca- 
pacity to the lower limit of the optimal moisture 
content took place over a period of seven days. 
On the area where both the regular soil and 
the root-containing gravel layer had been mois- 
tened, a longer period—ten days—was required 
to pass through this same interval. Further- 
more, 25 to 27 days after irrigation (Aug. 5, 
1955) the soil moisture on the experimental area 
remained somewhat higher than on the control 
area. 

The long duration of the period of optimal 
moisture on the plot which had been irrigated 
at a rate calculated not only for the moisture 
capacity of the regular soil but including also 
the upper gravel layer, was the principal cause 
of the increased wheat crop on plot 2, as com- 
pared with the crop on the control plot, 1. 


F. R. ZAYDEL’MAN 


Conclusions 


1. In gravelly soils and soils with undevel! 
or shallow profiles, the upper layer of the gi 
deposit (10 to 30 em. thick) participates ir 
soil-forming process and is a genetic horizc 
the soil profile. 

2. During the development of the soil-fi 
ing rock and of the soil, the upper gravel 
becomes enriched with fine fractions of re 
soil and is characterized by physical, hy 
physical and agrochemical properties favor 
for plants. Therefore, a considerable part ( 
25% by weight) of the herbaceous veget 
roots, both natural and cultivated, is co 
trated in the upper gravel layer of dry-land 
irrigated gravelly soils and soils with unde 
oped and shallow profiles. 

3. In calculating the irrigation rates for | 
which are closely underlain by gravel, the m 
ture capacity of the entire root-containing th 
ness must be considered: that is, the mois 
capacity not only of the regular soil, but als 
the upper root-containing gravel layer. For 
reason such irrigation rates, compared to tl 
intended to moisten only the regular thick 
of the soil, should be increased by an averag 
50 to 120 m? per hectare (15 to 25%), depe 
ing on the lithology of the soil. 

4. Moistening the entire active layer of § 
closely underlain by gravel (the root-contail 
regular soil and gravel layers) increases both 
productivity of the irrigated crop and the len 
of the intervals between irrigations. 

5. The soil-improvement characterization 
soils closely underlain by gravel should ec 
the regular soil and the gravel layers. 
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SOD-—CARBONATE SOILS OF THE SOUTHERN CENTRAL 


SIBERIAN PLATEAU 


B. V. Nadezhdin, Soil Science Laboratory, Eastern Siberian Branch, Academy of Scie 


USSR, Irkutsk 


HE intention of this article is to clarify 

certain results of our investigations of the 
unique sod-carbonate cinnamon-brown soils in 
the southern Central Siberian plateau. Since the 
development of these soils is related to the Up- 
per Cambrian redbeds which compose a con- 
siderable part of the plateau, we consider that 
these soils are one of the most important com- 
ponents of the soil cover of southern Central 
Siberia. This opinion, which we arrived at as a 
result of studying the literature and of our own 
investigations, is contradicted by the concept of 
the dominance in this area of soils of the pod- 
zolie type. 

Regarding the origin and classification of cm- 
namon-brown soils, no definite opinions were es- 
tablished until recent years. In a number of his 
papers (4, 5, 6) the greatest investigator of 
Central Siberian soils—I. V. Nikolayev—con- 
sidered these soils as having been formed from 
the steppe chernozems as a result of their deg- 
radation. In this process, according to his out- 
line, the southern and central cherozems formed 
leached- and then degraded-chernozems, and, 
after that, forest-steppe soils, among which he 
included the “brown” and “red-brown loams.” 
In his paper written with V. Vedernikova (5), 
Nikolayey considered such soils as “humus-car- 
bonate soils at the stage of chernozem-like soils.” 
This opinion had previously been expressed by 
V. G. Dubov (1). 

Recently M. G. Popov (9), analyzing the in- 
terrelation of forest and steppe in Central Si- 
beria, cited the existence of cinnamon-brown 
sod-carbonate soils under forest as proof of the 
former existence here of steppe, thus ascribing 
a steppe origin to these soils. Our investigations 
of the soil cover of the southern Oka-Angara 
and Angara-Lena interfluves have led us to a 
somewhat different opinion of the genesis of 
these soils. 

Sod-carbonate cinnamon-brown soils are 
formed, as previously mentioned, on redbed elu- 
vial-colluvial deposits which are genetically re- 


lated to the sedimentary rock of the U 
Cambrian—marl, lime sandstone and cl 
Typical and leached sod-carbonate soils are 
ferentiated. The typical soils are those in w 
the carbonates (detectable by effervescence 
HCl) exist in the humus horizon, while | 
leached soils are those which effervesce with J 
below the A horizon. 

The sod-carbonate podzolized soils forn 
separate group. We have not been able to 
tablish a logical basis for the genetic series: t, 
ical, leached, and podzolized sod-carbonate se 
since often the leaching depth of carbonates 
podzolized soils proves to be less than in © 
leached type. 

Typical, leached and podzolized sod-carbon 
soils are found under the canopies of pine 2 
broadleaved-pine forests with more or less wi 
developed herbaceous cover and also under * 
canopies of narrow-leaved forests which hs 
arisen in the place of former coniferous stan 
The distruction of forest and the establishm: 
of herbaceous vegetation in its place cau 
fairly conspicuous changes in the morphologi 
characteristics of sod-carbonate soils. The tel 
ency of the changes is evidently exactly 1 
same both when the soil is plowed and wl 
steppe-type herbaceous vegetation is establist 
on it. ; 

We will first consider the change in the 
horizon structure. Clods, blocks and even ¢ 
umns appear, accompanied by noticeable co 
paction. The boundary of HCl effervescel 
rises. In a considerable majority of cases, st 
carbonate soils of unforested tracts efferve 
from the surface. In previously forested, dee] 
leached soils the boundary of effervescence ri 
but does not reach the surface. 

The principal morphological characteristics 
sod-carbonate cinnamon-brown soils are: 

1. The absence of abrupt transitions betwe 
the A and B horizons and between the B horiz 
and the parent material (in typical and leacl 
soils). 
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2. A pronounced, firm, fine, subangular, 
ocky structure of the humus-accumulative 
rizon. 
3. A unique cinnamon-brown color of horizon 
, caused by the color of the parent material. 
4. The presence at some depth from the sur- 
ce of free carbonates of alkaline earth metals, 
‘edominantly CaCO; . 
The thickness of the A horizon averages 20 
. varying from 12 to 30 em. In typical vari- 
: there is HCl effervescence in the humus 
rizon, often directly from the surface, but in 
e leached varieties effervescence takes place 
m an average depth of 50 em. 
‘The results of a particle size analysis (Table 
show that among the soils analyzed there are 
ree clay loams (profiles 207-R, 188-R and 
'4), one medium clay loam (profile 53) and 
e coarse clay loam (profile 57). The fine clay 
am soil is characterized by the predominance 
two fractions: coarse silt (0.01 to 0.05 mm.) 
d elay (<0.001 mm.). That they are associ- 
ed with the leached varieties is noticeable 
m the abrupt increase in the loss with HCl 
atment in the lower horizons of profiles 207-R 
d 188-R and from the low values of this 
rameter in all the horizons of profile 194. In 
e remaining profiles there is clear predomi- 
nee of the fine sand fraction (0.05 to 0.25 
m) and a decrease in the content of clay par- 
sles. d 
In typical and leached soils, a regular pattern 
increase in the clay fraction of the upper part 
the profile is observed. On the other hand, 
e lower horizons are characterized by an in- 
ase in the content of coarser fractions. This 
idicates that in these soils the most intensive 
jocesses are those of physical weathering, ac- 
mpanied by disintegration of the soil-forming 
ek into ever smaller particles. It is under- 
ndable that these processes occur at the high- 
‘t rate in the top layers of rock, growing weaker 
ith depth. 
In podzolized soil (profile 57) differentiation 
the profile into genetic horizons is conspicu- 
's. In the upper part of the profile, down to a 
pth of 20 em., there is decomposition of the 
vy fraction and a relative increase in the sand 
action. The illuvial-metamorphic horizon (23 
33 em. sample) is clearly delineated: it has 
-iereased content of “physical clay” (par- 
les <0.01 mm. diameter) and especially of 
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TABLE 1 
Texture of sod-carbonate soils 
(Analysis by N. A. Kachinskiy’s method) 
oP Alors Percentage of fractions 
Profile | Depth, | on HCl aS 
number cm. treat- a Sale lesa Shes Ss hes 
ment (48) o (Bol8clac/S ] 5 
Re iaiao iS te. (sv 1 
53 0-5 5.2 | 1.6] — |43.2/15.7|10.7] 2.9/20.7/34.3 
10-20 | 6.4 | 1.0| — |49.3|12.2] 2.9] 6.0/22.2/31.1 
30-40 | 13.6 | — | 0.2/57.5) 9.7) 2.4) 3.513.1)19.0 
50-60 | 16.8 | — | — |42.1/18.3] 1.7] 3.4|17.7|22.8 
207-R® | 0-10) 5.1 | 0.2) 0.3/14.1!27.0/10.2|13.2/29.9]53.3 
18-28 | 3.8 | 0.2] 7.0/14.5]22.8) 7.8]17.7|26.2/51.7 
35-45 | 6.1 | 0.4} 0.1/11.9/27.9/12.5/21.3/19.8/53.6 
50-60 | 25.6 | 0.1) 0.1/24.1/25.8] 5.4] 9.3) 9.6/24.3 
188-R* 0-4 6.5 | 0.6) 0.7|16.2)33.6)12.6/15.2)21.1)48.9 
5-15 | 4.6 | 1.2| 0.2/10.8)24.4/11.4]15.6)/31.8/58.8 
20-30 | 4.2 | 0.2| 0.1/18.0)27.3| 4.3/15.3)30.6/50.2 
35-45 | 3.5 | — | 0.1) 8.5/26.0| 9.5|13.9/38.5)61.9 
60-70 | 2.5 | 0.2/10.2/11.1)28.8] 8.3]14.1/34.8/57.2 
90-100] 16.3 | 0.2} 0.3/23.9/10.4/16.9]11.7)/20.3/48.9 
105-115] 25.0 /29.8) 0.1/18.8/10.3| 7.4] 3.7) 4.9]/16.0 
194 0-5 5.9 | 1.6] 0.1)12.7|37.2/10.7/10.9|20.9/42.5 
10-15 | 4.2 2} 0.1/10.5'30.0| 9.2)16.8 29.0 55.0 
172224 eB eo 0.3/19.9|21.6 8.6)18.2)27.9 54.7 
25-35 | 3.5 | — | 0.2/10.5/31.2/11.6/13.5|29.5/54.6 
50-60 | 2.2 | — | 0.1/11.2/31.8/16.5)19.4/18.8|54.7 
80-90 | 2.6 | — | 0.1) 9.0/36.7| 8.5/22.2/20.9/51.6 
110-120} 2.8 | — | 0.3] 7.4136.4/11.9/14.2/27.0/53.1 
57 0-5 3.0 | 3.7] 0.4/41.9]26.4] 4.7/10.2) 9.7|24.6 
7-12 | 3.5 | — | 1.0/42.8/28.8) 3.5/10.1/10.3/23.9 
15-20) 1.4 | — | 0.4/42.8/33.8| 5.5] 4.9/11.2/22.6 
23-33 | 2.2 | 0.4) 0.1/38.4/19.0| 2.6/14.6]22.7|39.9 
40-50 | 11.9 | — | 0.2)29.4/28.0| 4.8] 9.3/16.4|30.5 
« Profile described by I. N. Rynks 


clay particles, below which lie the slightly-al- 
tered soil-forming carbonate parent material 
(40 to 50 em. sample) with a somewhat lower 
content of the fine fractions than is present in 
the B horizon. 

The total chemical analysis (Table 2) shows 
that all the soils analyzed have a low silica con- 
tent with increased amounts of sesquioxides and 
alkaline earth bases. In typical (profile 53) and 
slightly leached (profile 207-R) sod-carbonate 
soils, no downward movement whatever of the 
sesquioxides is observed. On the other hand 
there is a certain tendency to accumulate both 
alumina and iron oxides in the upper horizons. 
In deeply leached varieties (profiles 188-R and 
194) there is noticeable accumulation of sesqui- 
oxides at some depth from the surface, showing 
the formation of an illuvial-metamorphic hori- 
zon. 
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TABLE 2 
Total chemical composition of sod-carbonate soils 
Percent Content as percent of ignited soil 
vous Depth, cm, | loss on 
es ignition] cig, | AlOs | FexOs | TiO: | Mnd0 | Cad | MgO | K:0 | NasO | P.0s 
53 0-5 14.97| 70.71) 12.45) 5.48 | 0.80 | 0.24 | 2.70) 2.74 | 1.75 | 2.00 | 0.32 
10-20 | 10.01) 68.34!) 11.98) 5.08 | 0.68 | 0.138 | 7.58] 2.51 | 0.98 | 2.29 | 0.28 
30-40 9.45] 67.49} 11.70) 5.33 | 0.70 | 0.09 | 8.65) 2.62 | 1.00 | 2.16 | 0.20 
50-60 | 11.93} 63.26] 12.23) 5.16 | 0.62 | 0.09 | 12.96) 2.50 | 1.50 | 1.49 | 0.18 
80-90 | 14.15) 62.66) 9.43] 2.388 | 0.388 | 0.09 | 10.56) 2.04 | 1.05 | 1.56 | 0.12 
207-R 0-10 | 10.87] 63.02) 20.77) 7.72 | 0.63 | 0.14 | 2.32) 3.08 | 2.23 | 1.66 | 0.30 
18-28 6.19} 68.31) 18.46) 8.01 | 1.06 | 0.18 | 1.97) 3.28 | 1.90 | 1.49 | 0.14 
35-45 5.98] 62.71) 17.80) 8.00 | 1.04 | 0.11 2.25) 4.47 | 1.49 | 2.08 | 0.14 
50-60 | 14.93) 52.30) 14.72) 6.57 | 0.72 | 0.12 | 17.02) 4.94 | 1.82 | 1.00 | 0.18 
75-85 | 15.67) 51.74) 13.93] 6.36 | 0.86 | 0.11 | 19.39) 4.00 | 1.35 | 1.62 | 0.19 
188-R. 0-4 19.44] 63.60) 16.62) 7.40 | 1.10 | 0.21 | 3.39) 3.08 | 2.06 | 1.54 | 0.38 
5-15 9.54) 63.11) 18.31) 7.74 | 1.03 | 0.15 | 2.29) 2.98 | 1.87 | 1.23 | 0.21 
20-30 6.25] 64.13) 18.14) 8.40 | 1.12 | 0.15 | 1.92) 3.00 | 1.41 | 1.19 | 0.12 
35-45 5.26) 62:36) 19.55) 8.23 | 1,12) ) 0.15) 1.84) 3.36) 157) 169s h020G 
60-70 A,93) 64.34) 17.63) 07.91 1.19 O18) L276) S287 evo oO le Omea 
90-100 | 10.76] 57.61) 14.98} 8.42 | 0.96 | 0.19 | 10.59} 3.84 | 1.86 | 1.60 | 0.17 
105-115 | 14.24) 53.53] 13.94) 6.18 | 0.75 | 0.12 | 17.85)-4.36 | 2.25 | 1.05 | 0.20 
194 0-5 26.26] 63.94] 15.98] 6.64 | 0.91 | 0.15 | 4.43] 2.66 | 3.50 | 1.90 | 0.50 
10-15 9.33] 64.70} 16.938) 7.09 | 1.15 | 0.13) 2.67) 2.47 | 2.10 182000033 
17-22 7.06) 64.31) 17.51) 7.31 | 1.21 | 0.12) 2.50) 2-51 | 1295: 2.46 |for26 
25-35 5.36] 63.90) 18.25) 7.80 | 1.10 0.12 | 2.54) 2.60 | 2.18 | 2.07 | 0.12 
50-60 3.92] 63.95) 17.41) 7.29 | 1.25 10.08 1" 2.48) 2762 U7 o or 5Ononne: 
80-90 3.94) 64.63] 17.46] 7.33 | 1.16 | 0.12 | 2.32) 2.90 | 1.87 | 1.83} 0.16 
110-120 | 4.33] 65.07) 16.99] 7.48 | 1.16 | 0.08 | 2.18] 3.14 | 1.76 | 1.76 | 0.14 
Di 0-5 16.71] 78.59} 9.75} 3.75 | 0.60 | 0.24 | 2.12) 1.88 | 1.15 | 2.21 | 0.19 |Inot dew 
7-12 | 12.26) 76.23) 10.90) 3.24 | 0.74 | 0.15 | 1.69} 2.05 | 0.83 | 2.67 | 0.15 
15-20 2.55] 78.77| 9.44] 3.89 | 0.63 | 0.04 | 0.90} 1.94 | 0.87 | 2.91 | 0.06 
23-33 4.54] 70.70) 15.38) 5.46 | 0.68 | 0.08 | 1.06} 3.55 | 1.31 | 1.85 | 0.07 
40-50 | 17.29} 58.38) 9.97) 3.40 | 0.47 | 0.07 | 22.21) 2.96 | 1.28 | 1.33 | 0.16 
60-70 | 15.24) 61.08) 9.59) 3.01 | 0.47 | 0.09 | 20.45) 2.71 | 1.07 | 1.53 | 0.15 
75-85 | 14.67] 59.42) 10.55} 3.48 | 0.53 | 0.09 | 19.44) 3.05 | 1.29 | 1.77 | 0.14 


In all these soils there is an increased content 
in the upper horizons of manganese, potassium, 
phosphorus and sulfur; the latter is lacking in 
all the remaining soil horizons. These elements 
evidently accumulate biogenically. Also notable 
is the relatively high content of sodium oxide 
which, in a number of samples, exceeds that of 
potassium oxide. 

The podzolized soil (profile 57) is clearly dis- 
tinguished from all the others by its chemical 
composition. The upper profile down through 
the B horizon (from which the 22 to 33 em. 
deep sample was taken) is characterized by an 
increase in the silica content and by losses of 
sesquioxides and alkaline earth metals. In the 
lower horizons the content of all the oxides re- 
mains almost unaltered down to the bottom of 
the profile. It therefore appears that the lower 
part of this soil, beginning at a depth of about 


40 cm., is isolated from the upper part and do 
not take an active part in the soil format 
process. In this profile the upper carbonate hot 
zon boundary is detected at a depth of 37 em 
Table 3 concerns the more variable pa 
meters of sod-carbonate soils. ' 
The humus content of these soils is fairly va 
iable. The highest being found in the leae 
soils, in one of which (profile 188-R) there is” 
humus content in the upper part of the A h 
zon which reaches 15%, but which abr 
decreases at about 5 to 10 em. below the surf: 
We attribute the high humus content in the 
most soil layer to the presence here of a la 
amount of very fine undecomposed plant 1 
dues which could not be separated in prepart 
the samples for analysis. 
A specific characteristic of all these soils is th 
presence in fairly deep horizons (50 and even 7 


) of a considerable amount of humus. But 
it can be noted that in most cases the hu- 
s content decreases sharply below this depth 
goes down to zero. 
he quantity of exchangeable cations in the 
erent horizons of these soils is not directly 
ted to the humus content. On the contrary, 
some profiles (188-R and 57) there is even a 
‘rease in the amount of exchangeable calctum 
the samples contaming the most humus. On 
‘other hand, there is a fairly clear relation 
ween the total exchangeable cations and the 
y content. This suggests the cation adsorp- 
4 capacity of these soils is caused more by the 
aeral colloids than by the organic ones. In 
10 N. A. Kachinskiy et al. (2) referred to the 
icific characteristics of the humus content of 
high-humus soils of the Central Urals. Be- 
se of continental climatic conditions there, 
mus dehydration takes place with the accu- 
lation im it of very fine undecomposed plant 
idues. Because of this the humus has only a 
tht capacity to adsorb cations. There is every 
son to believe that under the even more con- 
ental climate of eastern Siberia such phenom- 
i should also take place. 
Che reaction of a typical sod-carbonate soil is 
‘htly alkaline and changes little from one ho- 
on to the next. In leached and podzolized soils 
ire is a pronounced shift toward increased 
dity in the reaction, particularly the soil of 
file 188-R. The lowest pH values are found in 
illuvial horizons, following which there is a 
irp increase in pH in the carbonate parent 
iterial. 
A recently published paper (8, p. 80) gave 
:most distinct idea of the genesis of sod-car- 
aate soils. The authors of it do not agree with 
empts to show that sod-carbonate soils are 
orthern” or “intrazonal” chernozems. Based 
/mumerous experimental data, the most im- 
stant of which result from research on humus 
‘aposition, they show that, under the biocli- 
tic conditions of the taiga zone, carbonate 
rent material develops very slowly but steadily 
» podzolic soils. The effect of carbonates on 
_ formation, as these authors put it, “may be 
isidered not as an action, but rather as a re- 
ion or resistance to the process of soil forma- 
o which, under these bioclimatic conditions, 
lominant.” Because of this influence the ““pre- 
Izohe period” is protracted and has “un- 
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TABLE 3 


Humus, carbonate CO: , pH, exchangeable cations 
and clay fraction content in sod-carbonate soils 


go wn 
ee ae ee Is 
ge|¢ 
Profile | Depth, | Ea | © Se Pee 
number | cm. Ze | 2 ‘a| ‘3 os 
Scie S| 2 2s 
ae | s en ee aS 
Set) 20/2814} 4 |4,| 3 | $9 
SY | BS |e a2) 0 3 | > 5v 
ram OPS iia | ao a |oO 
53 0-5 5.84) 1.45/7.12/6.80) — a = 20.70 
10-20 0.77) 6.45/7.49]7.20) — = == 22.20 
30-40 0.44) 7.35/7.71/7.46) — _ = 13.10 
50-60 0.72) 10.30/7.88/7.63) — = 17.70 
80-90 ss 7.50/8.20/7.71) — — = as 
207-R 0-10 9.60} — |7.09)/6.57| 32.75)5.32) 38.07) 29.90 
18-28 2.68} — |7.44/7.06) 29.05/3.84| 32.89) 26.20 
35-45 1.32) — |7.61/6.98) 44.65/4.75| 49.40) 19.80 
50-60 1.11) — |7.87/7.30) — — == 9.60 
188-R 0-4 15.0 | — |7.19)6.66} 27.40|/7.25| 34.65) 21.10 
5-15 6.23] — |6.71|/5.79| 30.85)2.34| 33.19) 31.80 
20-30 2.81) — |6.47|5.51! 27.10/8.17| 35.27) 30.60 
35-45 1.87; — |6.48/5.44| 25.10/6.17| 31.27) 38.50 
60-70 1.50} — |6.86/5.42| 24.60/5.75] 30.35) 34.80 
90-100) 0.00) 2.04/7.87|/7.04| — = == 20.30 
105-115} 0.00) 5.03/7.87/7.26| — =e = oS 
194 0-5 12.20) — |7.35|6.74| 40.50/6.34| 46.84) 20.90 
10-15 | 4.32) — |7.11/6.33) 29.05/7.83| 36.88) 29.00 
17-22 0.97} — |7.30|6.26] 25.65/7.17| 32.82) 27.90 
25-35 1.76] — |7.26/6.22) 23.10/6.42) 29.52) 29.50 
50-60 0.00} — |7.32/6.00} 22.20 6.84) 29.04) 18.80 
80-90 0.00) — |7.35)6.31) 21.85/4.59) 26.44) 20.90 
110-120} 0.00} — |7.14/6.80) 20.20/6.07| 26.27) 27.00 
57 0-5 4.94) — |6.40/6.02) 31.00/3.98) 34.98) 9.70 
7-12 3.03} — |6.60)6.18) 35.25/3.92] 39.17) 10.30 
15-20 0.73} — |6.71/6.07) 12.00/1.00) 13.00) 11.20 
23-33 0.63} — |6.91/5.68} 36.05}2.17) 38.22) 22.70 
40-50 H 1.12) — |7.81/7.52) — |— = 16.40 


leached” and “leached” stages. V. V. Ponomar- 
eva and A. I. Myasnikova investigated the 
sod-carbonate soils of the western province of 
the southern taiga subzone, characterized by 
conditions of physical geography under which 
there is intensive development of podzol forma- 
tion. The physical geography of the southern 
Central Siberian piateau, where our research 
took place, is undoubtedly sharply differentiated 
from that of the Baltic foreland. The entire 
complex of natural conditions of soil formation 
—the sharply continental climate, the wide dis- 
tribution of parent material (including some 
which is carbonate-free) combined with silica 
and enriched with sesquioxides and alkaline 
earth bases, the contemporary vegetation rep- 
resented predominantly by pine forests with 
abundant herbaceous cover—all in combination 
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does not make possible the development of pod- 
zol formation. We therefore consider that if the 
sod-carbonate soils of the western province of 
the southern taiga subzone are actually “intra- 
zonal,” then the soils of the area we investigated 
can be considered as basic, original, “zonal,” or, 
more precisely, a provincial soil type. 

Two basic tendencies both related to the de- 
velopment of the plant cover are noted in the 
evolution of these soils: podzolization under 
forest vegetation, and steppe formation accom- 
panied by solonetzation when the forest vegeta- 
tion is replaced by the herbaceous type. 

Space limitations do not allow us to provide 
more details. It should only be noted that some 
podzolized gray forest soils in our area of re- 
search have been formed as a result of the evo- 
lution of sod-carbonate soils. I. V. Tyurin (10) 
expressed such a view of the origin of gray soils 
in 1939. The development of sod-carbonate soils 
under the influence of the replacement of forest 
by steppe vegetation leads to the formation of 
unique thin chernozems which recall the south- 
ern chernozems and which are widely distributed 
on the tracts of our research area converted to 
steppe. We assume that over very long periods, 
sod-carbonate soils have developed under forest 
vegetation. In this case we cannot agree with M. 
G. Popov’s opinion (9) that these soils are of 
steppe origin. 

We should also recall that in the formation of 
sod-carbonate soils, renewal of the upper hori- 
zons as a result of surface erosion may have 
played an important part. B. B. Polynoy (7) 
stated in 1954 that very conspicuous erosion of 
the upper soil horizons can take place under 
natural forests. We can fully agree that, as a 
result of erosion over a long period, the upper 
horizons of the original soils might have been 
completely eroded on surfaces covered with the 
sparse pine forests of the severely dissected ter- 
rain of the Siberian platform. Our observations 
in the forests of Osa and Bokhansk districts 
confirm this. Unique deposits, made up of two 
components, are usually found on the surfaces 
of the highest flat watersheds. The Upper Pre- 
Cambrian redbed facies is covered by a thin (20 
to 40 em.) deposit differing sharply from it in 
chemical composition and texture and consist- 
ing of the residue of younger deposits (possibly 
Jurassic). In this covering deposit are distrib- 
uted the upper horizons of the unique sod-forest 
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soils which differ from the sod-carbonate so) 
At the same time such two-component depos 
and the soils related to them are lacking on t 
slopes, where we find sod-carbonate cinname 
brown soils formed on the carbonate redbeds } 
the Upper Cambrian. Evidently the Upp 
Cambrian rock on all surfaces of primary pla’ 
was covered by younger deposits at some pe 
time. The dissection of the area and the replac 
ment of the vegetation permitted the develo 
ment of surface erosion which uncovered t 
Upper Cambrian rock and led to the formati 
of sod-earbonate soils on it. 

V. V. Ponomareva and A. M. Myasnikova (i 
recently referred to the great importance of st 
face erosion in the formation of sod-carbona’ 
soils. Even before this, A. F. Neganoy (3) e 
pressed a similar idea regarding the formation ( 
“cinnamon-brown” and “gray-cinnamon browr 


ASSR. Judging by Neganov’s description thes 
soils are similar to the eastern Siberian sod-cai 
bonate soils. 


Conclusions 


1. In the southern Central Siberian plateau / 
considerable area is occupied by sod-carbonat 
soils which are the principal component of th 
soil cover over a large area. , 

2. The greatest area is covered by cinnam 
brown sod-carbonate soils formed on the pr 
ucts of weathering and redeposition of the U 
per Cambrian sedimentary rock. , i 

3. Under the plains conditions of this area 
the sod-carbonate soils are a special provinei 
soil type whose evolution gives rise to a series 0 
other soils. a 

4, The evolution of the sod-carbonate soil 
follows two different basic directions: podzoliza 
tion under forest vegetation with the formatio 
of podzolized gray forest soil, and steppe forma 
tion with the formation of thin chernozems. — 

5. The author does not agree with the opiniot 
of some investigators regarding the steppe origit 


ai 


of sod-ecarbonate soils, but considers that suel 
soils developed over a long period of time unde 
the action of forest vegetation. 

6. The renewal of the upper soil stratum ast 
result of surface erosion is of great significane 


in the formation of sod-carbonate soils. : 
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SALT-WATER RELATIONS AND HYDROPHYSICAL 
PROPERTIES OF THE CASPIAN SEA NORTHERN SHORE 


T. T. Tazabekov, Institute of Soil Science, Academy of Sciences, Kazakh SSR, Alma-é 


HB northern shore of the Caspian Sea in the 
Volga-Ural interfluve is a pasture and feed- 
ing center for the stock-raising industry of 
Gur’yev region. It has been the subject of 
studies by many research geographers and geo- 
botanists (2, 3, 4) and also by soil scientists 
(1, 7, 8, 10, 3 and others). However studies of 
the salt-water relations and hydrophysical prop- 
erties of the soils are required to evaluate, im- 
prove and characterize the area. These have 
never before been carried out. Without such 
studies, planning for watering and irrigating the 
area would be based on inadequate information. 
A part of the results from the Baksay and 
Gur’yev urban districts is given in this paper. 

The littoral plain fringing the northern shore 
of the Caspian Sea, a belt 25 to 50 km. wide, is 
composed of marine and lacustrine alluvial de- 
posits consisting mostly of clays. In a strip under 
the sea near the shore the clays are covered by 
a mantle of sand and sandy loam. The plain 
is not dissected, but on it there is slight develop- 
ment of microrelief of relict (sea-bottom) and 
water erosive origin. 

The climate of the plain is of the semidesert 
type: abruptly continental, with cold winters 
having little snow and with hot, dry summers. 

There is little precipitation (160 mm. per 
year) and the amount of evaporation exceeds 
the amount of precipitation by six- to ninefold. 
The soil cover consists of bogs and meadow-bog 
types of saline soils. Meadow saline soils are 
found. 

The study of the salt-water relations and of 
the hydrophysical properties was made on “key”’ 
areas selected to match the characteristic soil 
varieties. On each area a soil profile was dug 
to the ground water. Soil samples were taken 
from the profile at three different dates to de- 
termine the field moisture and water-soluble 
salts. Ground water samples were taken simul- 
taneously. Field determinations were made of 
the field moisture content, capacity (by satu- 
ration of small areas). Rate of water intake was 
determined by use of iron rings and Mariotte’s 
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bottles, and bulk density by use of a Kachinsk 
auger. The following determinations were @ 
ried out in the laboratory in duplicates: 1 
hygroscopic coefficient by the Mitscherli) 
method for calculating the wilting percentag 
the specific gravity, pyknometrically; parti! 
size analysis by the Kachinskiy method; hum} 
by the Tyurin method; the adsorption capaci 
by the Grabarova method; and water extra) 
analysis for carbonate CO, by calcimetry.’ / 

Bog-Solonchak Soils. These are found 
the young littoral plain and on the littoral pe 
of the Ural River delta in a complex with al 
vial-meadow soils. * 

Profile 81 was dug May 28, 1953 south of t 
Khanatalap collective farm (formerly the se 


tion was composed of the following specie 
Atropis distans, Petrossimoma crassifolia, Sta 
ice Gmelin, Statice caspia, Sisimbrium §] 
Ehremopyrum sp. and, less often, Aeluropus li 
toralis. From the surface downward the soil 
littered with shells; it effervesces over the enti 
profile with hydrochloric acid. 


0-15 cm. 
Gray sand interlayered with shell fragment 
dry; friable; with rootlets. : 
15-50 em. 


Light green sandy loam with rusty veins; fi 
able; moist; with faintly noticeable salt 
posits. q 
50-110 em. 
Greenish-rusty coarse clay loam; moist; 
salt deposits. 
110-170 em. 
Greenish-dark gray blue clay; sticky; we 
with salt deposits having the odor of hydr 
gen sulfide. : 


The ground water had a high salt conten 


*Soil and ground water were analyzed in th 
Soil Chemistry Laboratory, Institute of Soil 
ence, Academy of Sciences, Kazakh SSR by ai 
alysts M. D. Zubrilina, Yu. N. Zhdanoya, N. { 
Popova and M. V. Shilova. E. Kuchera and 1 
Mikhaylichenko participated in the field work it 
volved in the studies of the hydrophysical so 
properties. 


SALT-WATER RELATIONS 
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TABLE 1 


Salt content in grams per liter and depth of water table on the littoral plain at different 
times of determination 


Depth of 
file No. Date of determination eater ee Eee CE SOF Cat* ||) Mat Na* + K* by difference 
81 May 27, 1953 170 | 80.99 | 0.72 | 32.8 | 18.8 | 0.38 6.1 18.5 
\ July 23, 1953 180 | 76.4 | 0.80 | 36.1 | 16.1 | 0.75 5.8 19.5 
Noy. 5, 1953 230 RM MoE OMe e Ansa dows: Ont tal lO nk 5.7 
83 June 3, 1953 190 | 50.3 | 0.25 | 21.3 | 10.2 | 0.48 2.7 Bik 
July 24, 1953 100 | 52.9 | 0.36 | 22.4 | 10.1 | 0.86 3.0 12.7 
Nov. 10, 1953 88 | 45.2 | 0.36 | 18.1 | 9.0 | 0.88 4.4 not calculated 
72 Aug. 10, 1952 200 | 70.6 | 0.30 | 28.0 | 11.6 | 1.15 Sai 15.2 
: May 22, 1953 240 | 66.3 | 0.29 | 31.9 | 11.8 | 0.46 5.2 16.2 
July 19, 1953 240 | 74.0 | 0.25 | 33.8 | 10.9 | 0.90 4.3 18.0 
‘Nov. 8, 1958 240 | 72.2 | 0.31 | 32.1 | 11.0 | 0.94 iat not calculated 


 H,S—0.04 grams per liter. 


to 81 grams per liter; Table 1). Toward fall 
» water table lowered to 60 cm. and its salt 
atent decreased by 7 grams per liter. 

Lhe bog-solonchak soils in most cases have 
‘tures of sandy loam and coarse clay loam 
th sand and silt, underlain by gleyed clay 
ms and sticky clays. The carbonate content 
slight from the surface downward to 50 cm., 
‘which point it mereases. The humus content 
small (Table 2). The upper 15 em. layer of 
ad does not contain salts; only below 15 cm. 
es the salt content increase to 0.58% which 
chiefly due to gypsum. Below 50 em. the salini- 
‘lon is of the chloride-sulfate type as a result 
the rise of chlorides from the ground water. 
dium is the most abundant cation in the lower 
vers of the soil. The soil reaction is alkaline 
IH 8.0 to 84). 

The upper 70 cm. layer of bog-solonchak soils 
ies out noticeably by September; the field 
disture content decreases by 17% of its volume 
hich, in terms of moisture storage, amounts 
a loss of about 500 m.* per hectare, as shown 
‘Table 3) and undergoes considerable saliniza- 
in (Fig. 1) from the concentration of chloride 
d sulfate salts. The gradual rise of the salts 
m_ the lower to the upper half-meter of soil 
different times of observation can easily be 
m on the graphs. The increase in the total 
't content in the top one-meter layer (by 
5.3 metric tons per hectare according to Table 
should be related to the salt migration from 
2 ground water. 

The difference in salinity of the upper 50 cm. 


layer of sandy loam and sand in the spring 
and in the fall is considerably less (0.5 to 0.87%) 
than in the underlying clay loam and clay (be- 
low 50 em.). 

The maximum moisture retentive capacity of 
the sandy layer is 7% of the soil’s weight, that 
of the clay loam layer is 22.7% and that of 
the clay rises to 30%. The total amount of mois- 
ture corresponding to the maximum field mois- 
ture capacity in the top one-meter layer of soil 
is 3,243.3 m.* per hectare, 70% of which is mois- 
ture unavailable to plants (Table 5). 

Bog-solonchak soils display noticeable water 
intake rate only toward the surface (2.04 to 
0.86 mm. per min.) and in the first two to three 
hours (Table 6). Below 15 cm. the absorptive 
capacity of the soil decreases abruptly (0.31 to 
0.38 mm. per min.), while below 50 cm. the 
soil proved to be almost impermeable to water 
(0.1 mm per min.). Being less salinized and 
more easily eroded, the coarser soils under these 
conditions are better subjects for irrigation and 
for growing meadows. 

The littoral bog-solonchak soils of the Ural 
River’s present delta are used for vegetable 
gardening by the local population. South of the 
town of Gur’yey all of the east- and west-bank 
delta areas have been developed into a series 
of irrigated tracts watered from the Ural River 
by windmills. 

Trrigation is carried out at unusually high 
rates, often leading to a rise in the water table 
and to rapid soil salinization and swamping. 
Usually a single tract is irrigated for one to 


650 T. T. TAZABEKOV 
TABLE 2 
Chemical and particle size analysis of littoral soils, percent 
Diameter of Water extract contains 
particle size 
Pro-! Depth, |Carb ee aoe 
oA oe j ate COs Guaacte Humus 
me) | sig] cto ) 2ae| es | cr | sor | ee | ates 
Meadow-bog solonchak soil (August, 1952) 

72 0-10 | 4.0 | 28.6 | 4.20 | 44.7 | 61.3 | 0.27 | 0.043 | 0.006 | 0.064 | 0.010 | 0.004 
10-20 | 4.0 | 27.6 | 2.63 | 42.0 | 62.3 | 0.57 | 0.026 | 0.003 | 0.352 | 0.076 | 0.019 
30-40 | 6.0 — 1.70 | 47.3 | 60.5 | 2.57 | 0.024 | 0.004 | 1.230 | 0.222 | 0.080 
60-70 | 6.0 — 1.30 — — | 2.75 | 0.018 | 0.008 | 0.913 | 0.126 | 0.097 
80-90 | 15.0 -— 0.70 | 30.2 | 30.2 | 2.55 | 0.012 | 0.001 | 1.000 | 0.217 | 0.089 

Same soil (May 22, 1953) 

72 0-10 not determined 0.29 | 0.040 | 0.040 | 0.084 | 0.012 | 0.004 | 0.01 
10-20 a es 1.10 | 0.023 | 0.059 | 0.593 | 0.136 | 0.017 | 0. 
22-30 se - 2.55 | 0.021 | 0.463 | 1.170 | 0.273 | 0.085 | 0. 
35-45 s fs 3.36 | 0.012 | 0.842 | 1.252 | 0.245 | 0.086 | 0. 
50-60 ee ie 3.03 | 0.014 | 0.884 | 1.010 | 0.142 | 0.122 | 0. 
62-72 es as 2.71 | 0.016 | 0.849 | 0.834 | 0.093 | 0.061 | 0. 
85-95 ES es 2.40 | 0.014 | 0.575 | 0.981 | 0.195 | 0.086 | 0.4 

Bog-solonchak soil (May 27, 1953) 

81 0-10 | 1.0 _ 0.29 — 3.0 | 0.07 | 0.028 | 0.018 | 0.015 | 0.007 ne 
15-25 | 1.0 0.13 — 10.1 | 0.58 | 0.021 | 0.024 | 0.424 | 0.122 | 0.003 | 0. 
30-40 | 2.0 — OEE — 12.2 | 1.18 | 0.018 | 0.032 | 0.710 | 0.222 | 0.015 | 0. 
50-60 | 4.0 o 21.6 | 0.97 | 0.021 | 0.203 | 0.410 | 0.044 | 0.018 | 0. 
60-70 | 4.0 — — — 20.0 | 1.93 | 0.021 | 0.442 | 0.798 | 0.119 | 0.068 | 0. 
110-120 — | 3.53 | 0.025 | 0.997 | 1.193 | 0.214 | 0.133 | 0. 
160-170} — — — — — | 3.36 | 0.023 | 1.151 | 0.930 | 0.103 | 0.140 | 0. 

Same soil, irrigated (June 3, 1953) 

82 0-10 | — | 18.69 | 2.26 | 25.10 | 41.5 | 0.63 | 0.080 | 0.040 | 0.381 | 0.102 | 0.016 
20-30 | — | 11.32 | 1.10 | 22.55 | 41.4 | 1.29 | 0.021 | 0.189 | 0.662 | 0.133 | 0.045 
40-50 | — | 22.00 | 1.52 | 37.34 | 64.0 | 2.98 | 0.019 | 0.559 | 0.900 | 0.256 | 0.099 
60-70 | — — — 7.50 | 17.4 | 1.05 | 0.020 | 0.288 | 0.391 | 0.038 | 0.044 
90-100 — — | 18.23 | 47.7 | 1.23 | 0.023 | 0.394 | 0.395 | 0.943 | 0.036 

two years and then discarded and the next is TABLE 3 


taken on. The result is a unique kind of “migra- 
tory agriculture.” 

Bog-Solonchak Irrigated Soils. These have 
been characterized on the basis of data from 
profile 83. The profile was dug on June 3, 1953 
on a potato field of Factory 441 farm 10 km. 
southeast of Gur’yev on the Peretasok River’s 
east bank. 

The 18 hectare tract was reclaimed again 
after an interruption from 1947. In 1949 it had 
been flooded by waste water. The soil profile was 
as follows: 


Change in field moisture content in littoral 
plain soils 


Field moisture content in m.® 


per hectare by season and soil lay 


Soil First date® | Second date 
0to | Oto} Oto} 0 to 
50 cm.| 100 50 100 

Bog-solonchak 835.5/2707.0) 532.3/2554.9 
Same, irrigated 1762.0) — {1331.0} — 


Meadow-bog solonchak 


1618.0/2916.7 


1139.5)2244.1 


YOO 7 


r/ 
0. 0 20 IO 


depth, cm. 


SALT-WATER RELATIONS 
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Fie. 1—Salt-water relations in a bog-solonchak soil (profile 81). a—Field moisture con- 
tent; b—dry residue; e—chlorine ions; d—sulfate ions; 1—May 27, 1953; 2—July 28, 1953; 


3—Sept. 5, 1953. 


20 cm. 
Plow layer of friable consistence; medium clay 
loam; dark brown with a greenish-dark gray 
‘blue tinge; moist. Contains decomposed resi- 
dues of reeds and rushes. Large bivalve shells 
are found. Effervesces with hydrochloric acid. 
32 \cm. 
Interlayer of greenish-dark gray blue clay 
loam; fairly coarse structure; moist. 
09 cm. 
Dark green clay with dark gray-blue veins. 
Rusty in spots. Residues of reeds and rushes 
oecur. Salt deposits noticeable. 
—74 cm. 
Light-green sandy loam; moist; compact. 
Plant residues occur. 
120 em. 
Rusty brown fine clay loam; very moist. De- 
composed plant rootlets fill up the tubular 
holes. 
0-125 em. 
Interlayer of steel-gray sandy loam with 
shells. Wet. 
5-190 em. 
Dark gray-blue wet, sticky clay. Saline ground 
water begins below 190 cm. 


On this tract the action of the irrigation water 
used a decrease in the salt content of the 
‘ound water which was about double that of 
e irrigated tracts. The salts continued to be of 
e chloride-sulfate type everywhere. In July 
‘ere was a slight increase in the salt content of 
e water which was related to removal of the 
Its from the thickness of the soil during 
ishing. In addition to this, the irrigation was 
companied by a sharp rise in the water table. 
‘ter six irrigations it rose 90 cm. and on Oct. 
‘was 88 em. from the surface. Such an abrupt 
se in the water table was caused by the follow- 
2: first, excessive irrigation at higher-than- 


TABLE 4 


Change in-water-soluble salt content 
of littoral plain soils 


Salt content in soil in metric tons per 
hectare by season and soil layer 


Second date} Third date 


Soil First date of 


. of observa- | of obser- 
observation Hon 5 ate 
0to | Oto |] Oto | Oto | 0 to | Oto 


50.cm.} 100 50 100 50 100 


Bog-solonchak 49.5) 179.8) 43.3 | 210.9) 72.7] 285.1 
Same, irrigated 97.3} — {112.0} — 82.4) — 
Meadow-bog solonchak | 102.2} 283.9/147.9 | — 125.5) — 


calculated rates; second, the low moisture capac- 
ity of’ the fine-textured soil; third, generally 
poor drainage and lack of runoff from the level 
surfaces. 

The tract had obviously been in the stage of 
delta-type flooding for a long time since the 
profile contained buried rootlets of many 
aquatic plants and had a high humus content 
(1.1 to 2.3%) in comparison to the soils de- 
scribed previously. The soil had carbonate (CO, 
was 3 to 5%); its considerable salt content was 
of the choride-sulfate type. The sulfate content 
was twice as great as that of chlorides. Very 
little drying in the 0 to 50 cm layer occurred 
on the soil by fall as compared to the determi- 
nation made in spring. Salinity decreased in fall 
because of the flushing of the salts. The salt con- 
tent was 431 metric tons per hectare lower in 
the second period of observation than in the 
first. Below 50 cm. the soil moisture and salinity 
changed little by periods (Fig. 2). 
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TABLE 5 
Hydrophysical properties of littoral soils 
Max. field mois- Maximum hygro- Walking moisture 
ture capacity scopic coefficient 
Profile| Depth, Bulk Specific |Total pore 
No. cm, density gravity space, % 
As % of |Inm.*per| As % of | Inm*per| As % of | In m.? per 
weight hectare weight hectare weight hectare 
72 0-10 | 1.10 2.80 61.0 36.24 409.6 11.2 123.2 16.8 184.8 
10-22 | 1.10 2.83 61.0 40.30 536.7 | 10.6 141.1 15.9 210.5 
22-30 | 1.23 2.83 45.60 448.8 16.4 161.4 | 24.6 242.1 
30-40 | 1.23 2.83 — 40.70 500.6 16.4 201.7 | 24.6 302.6 
40-50 | 1.28 2.88 58.0 35.60 438.0 19.0 233.7 | 28.5 350.5 
50-60 | 1.23 == = 35.30 432.2 | 19.0 233.7 | 28.5 350.5 
60-70 | 1.23 == = 34.20 420.7 19.0 233.7 | 28.5 350.5 
70-76 | 1.238 = —_ 23 .80 175.6 19.0 140.2 | 28.5 210.3 
76-80 1.53 = 23.80 145.6 16.8 102.8 | 25.2 154.0 
80-90 | 1.53 2.72 44.0 21.30 326.0 16.8 207.0 | 25.2 385.5 
90-100 | 1.53 faa —_ 24.00 367.2 | 16.8 257.0 | 25.2 385.5 
0-50 2333.7 = 861.1 = 1290.5 
0-100 a 4211.0 = 2085.5 = 3126.8 
81 0-50 | 1.32— | 2.60— | 49.38— — 1114.0 
0-100 | 1.49 Peal 45.0 2100.7 == 1515.0 == 2271.2 
83 0-10 1.26 2.69 53.2 33.76 425.4 6.1 76.8 9.1 114.6 
10-20 | 1.26 == = 35.29 444.6 6.1 76.8 9.1 114.6 
20-32 LG 2.71 56.9 28 .23 396.4 5.4 75.8 8.1 113.7 
32-42 | 1.18 = — 40.40 467.7 5.4 63.77 8.1 95.6 | 
42-59 | 1.80 2.76 57.3 38.00 852.0 11.5 229.0) 17.2 345.1 
0-59 = = =e = 2595.1 maa 422.1 = 783 .6 
TABLE 6 In the upper horizons there is evidence of f] 


Water intake rate at 10°C., mm. per minute 


ic} 
Pro- |Hour of | From 8| gil 4 |Hour of Prom ell fe 
file | obser- the BO!|B oO] 2 | obser- BO|EO 
No. |vations| surface |2S}2<] § | vations} fit. SSige 
aia le mo | 

72 1 5.59 5.59)/3.30)| 83 1 0.71 | — |= 
2 4.45 5.25/2.75 2 0.56 | — | — 
3 3.56 4.32|/2.33 3 ete By yl — 
4 2.95 |2.86/2.00 4 0.50 |) — | — 
5 2.70 2.70/2.35 5 Waive || == | = 
81 After 6} 2.04-0.86} — 6 O64 7) 

hours 


Meadow-Bog Solonchak Soils. These are 
encountered on littoral plams in depressions 
without drainage, and are predominant in this 
area, 

Profile 72 was dug August 10, 1952, 15 km. 
northwest of Gur’yev, 4 km. west of the road 
to Novobogatinsk and 6 km. west of the bridge 
across Chernyy Creek. The vegetation con- 
sisted of an association of the solonchak grass 
azhrek (Aeluropus litoralis) with sveda primor- 
skaya (an inkweed of the genus Suaeda), with 
an admixture of the saltbush Atriplex tatarica, 
the buckwheat grechikha samarskaya and Sal- 
sola ruthenica. Stands of herbs were thick, coy- 
erage being 80%. 


woodlouse. Dead roots of reeds and mari 
club grass are also encountered. Efflorescene 
of water-soluble salts are noted from 20 to 
cm. and white lime carbonate concretions fror 
76 to 100 em. : 


0-10 cm. 
Dark gray humified clay of agile clodd 
structure; of loose consistence; penetrated b 
roots of ‘halophytes; dry; shell fragment 
rarely found. : 

10-22 em. | 
Dark gray clay with a dark gray-blue tinge 
semi-moist; dense; has long fissures; clodd. 
structure. Abundant penetration by roots an 
signs of decomposed roots occur. Salt deposi 
tion visible in lower part. 

22-76 em. r 
Dark green clay with cinnamon-brown ting 
and veins of rust; dense; moist; broken up b; 
fissures into cloddy units. Porous; from 22 t 
40 cm. there is an interlayer of marine shel 
fragments. Water-soluble salts in the form 0 
a seam are observed from 20 to 25 cm. Ther 
are spots of carbonates with a dirty whit 
color. 

76-105 cm. 
Irregularly stained moist clay of a lighte 
color than the preceding; fewer rusty spots 
many white carbonate specks. In the lowe 
horizon there are dark stains, probably fron 
ferrous sulfide. Roots rare. 


LOE LO VSO LOO: 


depth, cm. 
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SALT-WATER RELATIONS 
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Fic. 2—Salt-water relations in an irrigated bog-solonchak soil (profile 83). a—Field 


moisture content; b—dry residue; c—chlorine ions; d—sulfate ions; 1—June 3, 1953; 


2—July 24, 1953; 3—Sept. 10, 1953. 


200 cm. 

Mottled (greenish-dark gray blue) very moist 
clay. Includes gypsum nodules. There is 
ground water at the bottom of the boring. 


ts mineral content at the time the description 
written had reached 70.6 grams per liter. 
pring of the followimg year it decreased to 
} grams per liter. The anionic salinity was 
he sulfate-chloride type, the cationic of the 
nesium-sodium type. With a Cl-/So; ratio 
3.2 to 4.2 and a Na/Cl ratio of 0.78 to 0.80, 
ground water was of the marine type (ac- 
ing to V. A. Sulin, 9). Under the semidesert 
ditions of the littoral plain, the precipitation 
ing in winter and spring affects the condition 
he ground water and soil salinity. 
"he year 1952 was wetter. The Ural River 
id stopped at the end of June. In 1953 there 
; little snow during the winter, the spring 
; mild, floodmg was negligible and’the soils 
ekly dried up. In 1952 the ground water in 
sust was at a depth of 2 meters and had a 


salt content of 70.6 grams per liter, whereas in 
July, 1953 the water table was at 2.4 meters and 
the mineral content was 74 grams per liter. In 
August, 1952 these soils were noted as having 
strong sulfate salinity at a depth of 30 cm., 
where the dry residue reached 2.6%. In 1953 
there was strong chloride-sulfate soil salinity at 
a depth of 20 cm., where the dry residue was 
1.1%. 

Meadow-bog solonchak soils have an extended 
humus horizon: the humus content at a depth of 
10 em. is 4.2% and at 60 em. is 1.3%. The soil 
contains carbonates up to the surface, but the 
highest carbonate content (15% CO.) was de- 
tected at a depth of 85 to 95 em. Solonetzation 
was detected in the upper layer of the soil (14% 
adsorbed sodium). In summer this horizon dries 
out and becomes slightly saline (Fig. 3). When 
the soil dries out below 20 cm. (with a moisture 
loss of 800 m.* per hectare), the salt content 
increases sharply. 

The upper layers of meadow-bog solonchak 


0 10 20 30 YOO + 2 358 4 O A204 06 08 100 O2 QY 06 08 10 12 14% 


depth, cm. 


100' 


Fic. 3—Salt-water relations in a meadow-solonchak soil (profile 72). a—Field moisture 
content; b—dry residue; e—chlorine ions; d—sulfate ions; 1—May 22, 1953; 2—July 19, 


1953; 3— Sept. 8, 1953. 
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soils have a low bulk density (1.1); they are 
porous (total pore space reaches 61%) and have 
a high moisture capacity (field moisture capac- 
ity reaches 36 to 45%). But the soil contains 
much physiologically unavailable moisture (74% 
of field capacity) and very little (26%) active 
moisture. Because of the extent of fissuring, the 
water intake of soil is high and reaches 5.6 to 
2.7 mm. per minute; in the 22 to 76 cm. horizon 
it is even higher—up to 13 mm. per minute. 


Conclusions 


1. The predominant soils of the coastal plain 
are bog or meadow-bog types with varying 
salinity and texture. The soils are poorly de- 
veloped, contain little humus (except in the top 
10 cm. layer of meadow-bog soils), they have 
no clear morphological differentiation into hori- 
zons and show signs of only slight meadow- 
forming but of strong bog-forming conditions. 
They are all gleyed (or contain ocher) and car- 
bonates, but the older deposits show signs of 
solonetzation. 

Ground water keeps the profile constantly 
moist, so that the soils become strongly salin- 
ized in summer. Soil salinity is mixed chloride- 
sulfate. The salts deposited in the upper soil 
layers must also be subjected to flushing, so 
that littoral saline soils may evolve even further 
into solonetzes. 

2. The meadow-bog littoral soils have a high 
field moisture capacity (of the order of 4,000 
m. per hectare in the top one-meter layer) 
but contain only a small amount of available 
moisture (about 1,000 m? per hectare) at a 
high wilting percentage. The field moisture con- 
tent may amount to 2,000 to 3,000 m~? per hec- 
tare with as much as 100 to 300 metric tons 
per hectare of soluble salts. 

3. The littoral plain shows promise as a site 
for good, rich pasture and hayfields with proper 
organization of artificial and warping irrigation 
and of grass seeding (4). In this respect some 
work has already been done on the northern 
shore of the Caspian Sea. In particular the fol- 
lowing irrigation canals and reservoirs have been 
built: the Peshnoy, the Kenuzek, the Dzhambay- 
skiy, the Monashskiy, and the Kamyshinskaya 
system on the lowland plain of the Baksay 
River with a total extent of about 400 km. They 
make it possible to irrigate about 245,000 hec- 
tares of pastures and meadows. To extend the 
area of irrigated plowland, meadow and pastures 


on the Ural River lowland plains, the ¢| 
Bashkir Canal, with a water intake from 
Ural River, is being built. 


Received October 15, | 
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PACITY 


The Copper Sulfate Method 


£ undertook to combine the usual methods 
of determining the exchange capacity of 
ils and soil colloids with the more precise meth- 
s of volumetric analysis. After a series of pre- 
mary experiments and tests of various cations 
> chose saturation of the colloids with copper 
s, knowing that there is a convenient iodomet- 
: method for determining copper (1, 4). 

We tested the suitability of copper ions for de- 
mining adsorption capacity on three different 
Tm region soils: 

1) Sod strongly-podzolic medium clay loam 
erlying nonearbonate morainal clay; 

2) Light-gray forest medium clay loam on 
nearbonate morainal clay; 

3) Podzolized fine clay loam chernozem on 
rbonate morainal clay. 

A weighed 1 to 2 gram soil sample was treated 
eatedly in a beaker with small portions of a 
srated solution of copper sulfate and was then 
ansferred from the beaker to a funnel con- 
ining filter paper. A 100 to 150 ml. volumetric 
sk was placed under the funnel. The process 
saturating the colloids with copper was halted 
en the filtrate in the flask reached the mark. 
‘ter thorough mixing of the contents of the 
isk, 10 ml. of the filtrate was removed for 
termination of the copper residue by thiosul- 
te in the presence of sodium fluoride for con- 
tting the iron into a complex (3). To prevent 
sorption of copper by the filter material the 
ster was saturated with copper before work 
gan by filtering through it the same titrated 
lution of the copper salt. If the usual methods 
e used, such treatment of the filter cannot 
fect the results of the analysis. 

The adsorption capacity determined by this 
ethod for these three soils does not differ 
om the results obtained by the methods of 
_V. Bobko and D. L. Askinazi and of S. N. 


Methods 


ETERMINATION OF SOIL COLLOID ADSORPTION 


I. Moshev, D. N. Pryanishnikov Agricultural Institute, Perm 


Aleshin. The last column of Table 1 shows the 
values we obtained as the average of two and 
three parallel determinations. 

To determine the adsorption capacity of 
colloids isolated from the soil, a more acceptable 
method proved to be saturation and washing 
off of the precipitate after coagulation of a def- 
inite volume of sol in a beaker by repeated sedi- 
mentation and decantation of the clarified liquid. 

By this method the adsorbed copper was de- 
termined iodometrically in the washed colloid 
in the presence of sodium fluoride. But several 
days were required for saturation and washing 
by sedimentation. 

Experiment showed that saturation of the soil 
colloids was accomplished better in a centrifugal 
separator bowl in which the centrifuged soil 
colloids were retained so firmly as a solid pre- 
cipitate on the walls of the bowl that the clear 
liquid could be poured off without danger of 
colloid loss through turbidity. For our purposes 
a specially shaped separator bowl was required 
(Fig. 1). 

As shown, the apparatus we propose consists 
of a rotating bowl fitting loosely on the spindle 
of a hand centrifuge in such a way as to allow 
free rotation; no other mechanical apparatus 
is required. The simplicity of its construction 
and method of operation make any special quali- 
fications unnecessary and the work can be car- 
ried out by any laboratory assistant. 

This centrifugal separator bowl is used as 
follows: 

If the bowl is made of ordinary steel, a pre- 
liminary requirement is to coat the inside sur- 
face with a thin layer of paraffin to protect the 
metal from contact with copper salts. Twenty- 
five ml. of a suspension of soil colloids and 5 
ml. of a 0.5 N solution of copper sulfate are 
placed in the empty bowl. Then the bowl is 
placed on the spindle of the manual centrifuge 


655 


656 


TABLE 1 
Comparative data from determinations of the 
adsorption capacity in milliequivalents per 
100 grams of dry material 


By copper 
PRED ye method, 
i cae iy i aturation 
aol Askinazi’s aethod : can filter 
method panel 
Sod _ strongly-pod- 
zolic medium 
clay loam 18.03 17.74 16.99 
Light-gray forest 
medium clay loam} 21.42 22.74 21.38 
Podzolized fine clay 
loam chernozem 42.24 50.38 50.07 


Fie. 1—Centrifugal separator bowl for determin- 
ing adsorption capacity. 


and the latter is started revolving. Almost at 
once the bowl starts to rotate fairly rapidly; 
then the crank of the centrifuge is released and 
the bowl allowed to rotate freely until it comes 
to a full stop—usually in several minutes. Then 
the content of the bowl is carefully poured out. 
Experiment showed that the centrifugate ob- 
tained is completely clear, without suspended 
particles of soil colloids. The operation is then 
repeated. Thus, the coagulate in the bowl cor- 
responds to a certain volume (25 ml.) of the 
sol being analyzed. 

The precipitate in the bowl is treated with 
careful mixing not less than four times with 30 
ml. quantities of the same copper sulfate solu- 
tion previously mentioned. To remove the excess 
of copper following saturation the content of 
the bowl is washed with water, adding 30 ml. 
of distilled water and placing the bowl on the 
spindle. After two or three turns of the crank 
the bowl is braked by hand. This provides pre- 
liminary mixing with water of the precipitate 
clinging to the walls. It is desirable to repeat 
the mixing operation two or three times and then 
to give the full number of turns and _ finish, 
as described previously, by pouring off the clear 
wash water after the bowl has come to a free stop 
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without braking. Experiment showed that {| 
washing had to be carried out three or fo 
times before signs of dispersion appeared. 

The washed precipitate must be transform 
from the bowl to a beaker for iodometric titi 
tion of the adsorbed copper by sodium thiosr 
fate. This transfer is accomplished by the mixi) 
method described above, braking the bowl aff 
the first few revolutions in the presence of 5 
6 ml. of water. The mixing and decanting 
be performed three times. This gives 15 to 
ml. of water suspension in which the adsorb: 
copper is determined iodometrically directly 
the presence of the precipitate of the gel. Pr 
viously, a pinch (about 0.4 g.) of sodium fluori/ 
and 5 ml. of a 20% solution of potassium iodil 
are added. The indicator is a 1% starch solutio 

The experiment showed that for samples | 
clays, of soils below the plow layer and of loy 
humus soils their inherent color does not inte) 
fere with the titration; loss of color by th 
starch is easily observed. | 

The calculation is carried out according to tl 
following formula: 


v-K-0.01-100-2 
Emme. aa oS ee ) 
in which ¢ in milliequivalents is the adsorptio 
capacity of 100 g. of dry matter of the sol 
v is the number of milliliters of thiosulfate s¢ 
lution used in the copper titration; K is the col 
rection for the titrated concentration of th 
thiosulfate; 0.01 is the normality of the thi 
sulfate; 100 is the factor for calculating the r 
sults in terms of 100 g. of dry material; 2 is a fat 
tor showing that, in the cation exchange with sol 
the copper equivalent is twice the equivaler 
involved in the reaction with potassium iodide 
a is the number of grams of dry material in th 
volume of sol taken. c 
If a blank determination shows that some ¢ 
the thiosulfate is consumed in titrating the re 
agents used, a corresponding correction must bh 
introduced into the calculation. ; 
This method was used to determine the aé 
sorption capacity of certain fractions of colloid 
isolated from two horizons of a sod-podzolic so 
(“Linden Mountain”), from bentonite clay an 
from the plow layer of a sod-strongly podzoli 
soil from Verkhne-Mullinsk district (Taek 
and 3). 
The fractions in these experiments are liste 


a 


rder of decreasing size of the particles in the 
serse phase. We noted a tendency for the 
prption capacity to increase with an increase 
he specific surface of the soil particles. This 
jlency was only slight in the bentonite clays. 
i values of the adsorption capacity of the 
ous fractions were almost uniform. 

jhe asorption capacity of the colloid fractions 
he strongly podzolic soil was unexpectedly 
i, it was later discovered, because of the 
eralogical composition of the colloids of this 
| which hes on Permian clay. In a special 
riment with benzidine the entire fraction 
stained a characteristic blue color, showing 
/ presence of the montmorillonite group of 
erals with high adsorptive capacities. 
Jetermining adsorption capacity by the use 
he centrifugal separator bowl proved to be 
iciently quick and convenient. However, in 
form described the method is not appli- 
le to high-humus or plow-layer soils. Because 
ir colloid fractions, when coagulated, give 
<-colored, almost black gels, it is impossible 
etect the change in color of the starch in- 
itor. In such cases the adsorbed exchangeable 
per ions must be displaced by the use of a 
uric acid solution and the copper determined 
metrically in the solution. After saturation 
the soil colloids with the copper salt solution 
washing out the free salt with distilled 
‘er, the colloid precipitate remains in the 
1 and the adsorbed copper is displaced 
n the precipitate by not less than three 20 
portions of 1.0 N sulfuric acid. After careful 
ang with the precipitate followed by cen- 
ugation in the bowl, all the portions are 
asferred to a beaker for iodometric titration 
he copper with thiosulfate; first, however, 0.6 
).7 g. of sodium fluoride and 1 g. of potassium 
ide are added; starch is used as the indicator. 
‘he caleulation is carried out according to 
formula 


ies v-K-0.01- 100-2 


a ? 


which the meanings of the letters are the 
ae as in the previous formula. 


Bariwm Method Determining Adsorptive 
Capacity 


“he successful use of the centrifugal separator 
vl for the quick and complete separation of 
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TABLE 2 


Adsorption capacity in milliequivalents per 
100 grams of dry material 


A sod-podzolic soil 
(“Linden mountain’’) 


cl 
3 Depth 18.0 35¢m| Depth 3sto | a. sonite 
o| 8 clay 
un 

eles a Ee a Ey 

SE eg a eal cod le Be 

oes es  |8Bee "|S Bete 

feels as ss 

49 | <0.5 | 69;71;71] 5.30 | 68;71 | 1.90 | 99; 96; 113; 

114 
42 | <0.45 = _ — — | 105; 110; 115; 
116 

39 | <0.40 | 72.5;72.5| 5.3 | 62;77 | — | 115 

88 | <0.30 | 74; 72 5.58 — 2.31 | 103 

14 | <0.25 | 75; 68, | 5.45 | 71;69.5| — | 90 
160 | <0.23 101; 99 

88 | <0.20 | 72; 75 5.60 — 3.05 — 

31 | <0.20 | 75; 75 5.52 ~ 3.08 | 101; 100 

66 | <0.15 — 5.74 80 3.62 | 105 

12 | <0.13 | 86 5.85 | 81; 82 | 3.92 — 

60 | <0.10 | 85; 93 6.33 84 4.00 | 122; 124; 140 

TABLE 3 


Adsorption capacity in milliequivalents per 
100 grams of dry material 


: we sre pene neae 
Fraction pg rom Verkhne-Mullinsk district 
Penge Carbon content, 

reel percent 

47 <0.7 81.9 10.75 
49 | <0.5 84.8; 84.8 10.92 
42 <0.45 102.9 11.22 
39 <0.40 99.4; 102.8 11.00 
160 <0.23 99.3; 101.5 12.76 
83 <0.20 102.6 13.61 
66 <0.15 113.9; 114.8 14.90 
60 <0.10 117.1; 120.6 14.81 


the solid phase obtained by coagulation of the 
soil suspensions reveals the possibility of using 
ions other than copper-for determining soil 
colloid adsorption capacity. 

Given below are the results of the barium 
method which we developed. In this method 
the amount of adsorbed Ba is determined by 
titrating the sulfuric acid remaining from the 
reaction with the adsorbed barium ions. This 
principle was used successfully by N. 8. Aleshin 
in 1930 for determining soil adsorption capacity. 
First using the centrifugal separator bowl made 
it possible to apply this principle for our pur- 
poses. 


658 A. I. MOSHEV 


A specific characteristic of this method is that 
complete washing out of the Ba is not required 
after it saturates the adsorbing complex. In our 
case this is especially important. Attempts at 
complete washing out of the gels are known to 
result in inevitable losses in dispersion of the 
solid phase. In the method proposed here, any 
excess BaCl, not fully washed out reacts with 
the H.SO,, forming an equivalent quantity of 
hydrochloric acid which is titrated out along 
with the excess of sulfuric acid. 

After a series of experiments we fixed on the 
following treatment of the barium method: 1) 


TABLE 4 


Adsorption capacity in milliequivalents per 
100 grams of dry material 


Sod-podzolic soil Sod strongly- Pas 
(“Linden podzolic soil, eeepacteail 
mountain’’) Verkhne Mullinsk Dee 


: Ordynsk 
plow layer distr. district 


meq. 


microns 


5 S 
S S 

8 3 

S| 

5 meq. a meq. 
a i= 


Particle diameter, 


Fraction No, 


~ 
o 
A 
So 
on 


95.6; 97.6 | 11.40 = — {118.9 | 13.01 
42 |<0.45| 101.6;101.9] 11.86] 96.1;101.9] 11.21) — | — 
88 |<0.30| 102.4;104.0] 12.49 = — |131.5 | 16.14 
83 |<0.20| 106.8;104.8) 13.39] 105.2; 13.04|137.2 | 16.30 
108.7; 
12 |<0.13] 103.2; 14.27| 106.9 14.27|142.4 | 17.48 
104.0; 
tis a7 
60 |<0.10/111.8;115325| 15.07] 112.3; 14.50/146.5;| 19.0 
113.6; 
121.6 147.6 


TABLE 5 


Adsorption capacity in milliequivalents per 
100 grams of dry material 


Podzolized 


fine clay loam fine clay | Dark-gray forest soil, 


: loam forest soil ? 
Serra chernozem,| Kungursk eee 


Sal Kungursk district Garea 
district iStick district 


Podzolized Light-gray 


meq. meq. meq. meq. 


content, % 
content, % 
content, % 


content, 


% 


Particle diameter, u 


Fraction No. 
Carbon 
Carbon 
Carbon 
Carbon 


cs 
a) 


| 


~~ 
oa 
o 


<0.5 | 166.80; | 16.33} — |—|] — 
170.40 
<0.30| 182.3; | 17.36 = 
183.9 
<0.10/ 196.5; | 20.34) 207.8)/25.0) 104.9} 10.58] 96.30] 8.58 
212.25 
197.7 


80.04 


oo 
oo 


f=) 
So 


A volume of the soil sol is taken which | 
tains not less than 0.10 to 0.15 g. of dry res 
(200 to 400 ml.). Then 150 ml. of a 1 N sol 
of BaCl, is added, mixed, and after 24 hi 
decanted from the sediment which has set 
from the liquid. The barium saturation isi 
peated not less than three times. 2) After 
last decantation the precipitate is transfe} 
to a centrifugal separator bowl, where 1 
treated once more with 20 to 30 ml. of #1 
N BaCl, solution. 3) The precipitate in the E 
is washed three or four times with 30 ml. ]| 
tions of water. Washing is stopped when sign 
dispersion appear. 4) The precipitate is tré 
ferred from the bowl to a tared beaker 
which the remainder of the suspension is wa 
from the bowl with two or three portions) 
pure water of about 10 to 15 ml. each. 7 
beaker and contents are weighed. 5) Twenty 
of 0.2 N H.SO, is added from a pipette ¢ 
weighing is carried vut again. 6) About 20 
25 ml. of the suspension is transferred from 
beaker back to the bowl; it is centrifuged ¢ 
the clear supernatant is decanted into a tai 
beaker which is now weighed again. A - 
portion of clear supernatant is prepared by + 
same method from the suspension remain: 
in the first beaker. 7) Two portions of ligt 
are obtained in which titration with 0.1 
NaOH determines the residual H.SO, which « 
not react with the barium. 

Calculation is carried out by the formula: — 


E Se P=) 04 -K-100 } 
me bi + be ; 
= =. ee 
a 

in which v, and v. are the number of millilit 
of 0.1 N NaOH used in the titration of the fi 
and second portions of the liquid (step 7 abot 
and v, is the amount of 0.1 N NaOH cork 
ponding to the added 0.2 N sulfuric acid for t 
reaction with the adsorbed barium (step 
above). H 
Control experiments are usually used to ( 
termine b, and b., the weights of the first | 
second portions taken for titration with 0. 
NaOH (step 6 above); B, the total weight 
the suspension plus the sulfuric acid (ste 
and 5 above); a, the weight of the dry ma 
in the colloid fraction taken for analysis; 
| 


the normality of the NaOH solution; K, 
correction for the titrated normality; and 


SOIL COLLOID ADSORPTION CAPACITY 


he factor for calculating the results in terms 
o£ 100 gm. of dry material. 

This method determined the values of the 
dsorption capacity of several soils of the Perm 
egion (Tables 4 and 5). 

In addition to the adsorption capacity, the 
Tables show the carbon content determined by 
yurin’s method. As seen, the percentage of 
‘arbon for all the soils increases in a regular 
attern with an increase in the dispersion of the 
ractions analyzed. This undoubtedly takes place 
yecause of a relative increase in the content 
f humic acids in the fractions. With higher 
ispersion and an increase in organic matter 
ontent, the adsorption capacity also naturally 
nereases; the data in the Tables confirms this. 
he adsorption capacity of the soil colloid frac- 
ons is known to be the sum of the adsorption 
apacities of the mineral and organic parts of 
he colloids. 

To get approximate information regarding 
he relative amounts of these parts we ashed 
he organic matter with hydrogen peroxide. In 
he colloid fraction which came from a podzo- 
wed chernozem of Ordynsk district and which 
ad particles <0.1 micron in diameter, the ad- 
orption capacity after ashing was 85.1 me. as 
ompared to 202 me. before ashing. In a simi- 
ar experiment with another fraction contain- 
ag particles of almost the same diameter (<0.13 
aicrons) an adsorption capacity of 80.6 me. 
vas obtained following ashing. Thus, the gen- 
rally known fact is confirmed that the organic 
natt of colloids has a high adsorption capacity. 
To improve the methods described. previously, 
7e suggest the use of a centrifuge bowl made of 
bonite. The structure requires that any metal- 
¢ surfaces be protected by paraffin to avoid 
eduction of the copper and dissolving of the 
netal by sulfuric acid. Coating with paraffin 
vas shown by experiment to be the source of 
xtra inconvenience in the work (for example, 
4 washing); in addition, fairly frequent re- 
ewal of the surface coating is required. An 
bonite bowl does not have these shortcomings 
nd is known to be sufficiently resistant to sul- 
ric acid. 

We used a structure identical in size and 
aape with that previously used (see the Fig. 
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1). A small but unique feature of the ebonite 
construction is a cylindrical metallic casing 
around the lower outside of the bowl. This is 
necessary to assure adequate stability of the 
bowl while it is revolving. Further, the metal- 
lic casing is the point at which stress is ap- 
plied during the necessary braking of the bowl. 
Braking by friction on the surface of the 
ebonite itself is actually not permissible because 
the heat which quickly develops destroys the 
material. 


Conclusions 


1. We have demonstrated the suitability of 
copper ions for determining the adsorption ca- 
pacity of three types of Perm region soils. 

2. Two original treatments of the determina- 
tion of adsorption capacity have been proposed 
for low-humus and high-humus fractions of the 
soil colloids, using a special form of centrifuge 
which assures quick and complete separation of 
the solid phase of the soil suspension. 

3. A barium method has been proposed for 
determining the adsorption capacity of soil 
colloids by the use of this centrifuge. 

4. The methods given in paragraphs 2 and 
3 allow the determination of the adsorption 
capacity values in the colloidal fractions of the 
soils with a small content of the disperse phase. 

5. In place of a metallic bowl a more suitable 
ebonite bowl is suggested, with which it is no 
longer necessary to paraffin the surface to pro- 
tect it against the action of copper salts and 
sulfuric acid. 


Received September 26, 1957 
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ORGANIC MATTER CONTENT OF IRRIGATED SIEROZEMS 


IN CENTRAL ASIA 


N. P. Malinkin, All-Union Order of Lenin Scientific Research Institute of Cotton Culture; 


Tashkent 


CAUSE of the favorable action of alfalfa 
B and grass-mixture (alfalfa with loose-tufted 
grasses) on the soil, cotton yields increase sharply 
after plowing under such grasses (7, 8, 9, 12, 16, 
22, 23 and so forth). 

In the irrigated cotton districts of Central 
Asia there is great activity of the biological 
processes associated with intensive mineraliza- 
tion of the soil’s organic matter. Therefore, the 
favorable effect of plowed-in grasses on the sub- 
sequent cotton crop is quickly dissipated. The 
physical soil properties deteriorate (11, 20, 21), 
there is intensive loss of organic matter (3, 7 
and others) and of nitrogen (7, 15, 6, 18 and oth- 
ers). There is a decrease in the nitrification capa- 
bility (13, 19, 7, 15, 6, 17). In this connection 
cotton productivity decreases sharply from one 
year to the next. The decrease in the amount of 
organic matter content causes a slackening of 
the biochemical soil processes (14) and, conse- 
quently, a deterioration in the conditions for 
cotton plant nutrition. 

All these facts apply chiefly to cotton grown 
with madequate fertilization or none at all. In 
most cases the investigations were made under 
very limited agricultural conditions, and not in 
crop rotations. For this reason close attention 
should be given to the study of the organic mat- 
ter content with crop rotations and the system- 
atic application of fertilizers both under cotton 
and under grasses. 

Little has been published on changing the fer- 
tility of Central Asian cotton-growing soils by 
prolonged fertilizer application. N. P. Bel’chi- 
koya’s research in 1943 showed that on a typical 
sierozem at the Ak-Kavak Central Agricultural 
Methods Station, yearly use of manure on irri- 
gated cotton crops for 17 years caused a con- 
siderably higher content of organic carbon and 
total nitrogen in the plow layer than on non- 
fertilized control soils. The yearly application of 
mineral fertilizer in this experiment did not 
change the content of total nitrogen and organic 
carbon (5). Agrochemical investigations in 1946 


by V. L. Mukhanova (19) in this same experi 
mental series gave similar results for manu 
treatment. However, on the plots which had bee 
treated with mineral fertilizers, she noted a 12 
increase in the organic carbon content and + 
4.5% increase in the total nitrogen content in t 
top 60 cm. of the soil as compared to the non 
fertilized control plot. Among the shortecomin 
of this experiment at the Ak-Kavak station i 
the absence of data characterizing the organi 
carbon and total nitrogen content in the soil ai 
the beginning of the experiment. 

A later investigation by M. A. Belousov @) 
in the same experimental series showed that dur- 
ing the 22-year period from 1930 to 1951, t 
organic carbon content in the plow layen on 
the non-fertilized (control) plot decreased by 
0.25%, but the total organic carbon content de- 
creased by 30.5%. On the tract where complete 
mineral fertilizer had been applied annually for 
the same period the organic carbon content de- 
creased by 0.21%, or by 23.7% of the total 
amount of humus. With annual application of 
manure at 30 metric tons per hectare during this 
period the organic carbon content increased by 
0.06%. In terms of the total organic carbon con- 
tent, the increase was 5.5%. 

According to the data for the period from 1930 
to 1951 the changes in the total soil nitrogen 
content are as follows: On the non-fertilized 
control plot the nitrogen content during the pe- 
riod decreased by 0.031%; on the tract treated 
with full mineral fertilizer it decreased by 
0.034%; while on the manured plot the total 
nitrogen increase was 0.003%. Belousov, ana- 
lyzed the 1951 agrochemical research in more 
detail. He studied those plots which had a cot- 
ton monoculture for 30 years both without fer- 
tilizer and with complete mineral fertilizer ap- 
plied annually. He noted that in the top 80 em. 
layer of the plot receiving mineral fertilizer, the 
organic carbon content was considerably greater 
than on the non-fertilized control plot. On the 
basis of this the author concludes that... “the 
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se of these differences lies in the organic resi- 
s of the larger cotton crop on the fertilized 
ts. The more vigorously developed plants on 
fertilized tract left behind them abundant 
t systems, dead leaves and leaf litter. This is 
the cause of the larger amount of root secre- 
s and of the increased microbiological ac- 
ity in the rhizosphere of the well-developed 
ts on the fertilized tract” (2). 
No substantial differences were detected in 
total nitrogen content of the plow layer or 
the horizon below it on the control plot and 
t treated with mineral fertilizer. 
here are differences of opinion concerning 
tate of decomposition of organic carbon 
nitrogen after plowing under the perennial 
ses under cotton. The data of I. N. Antipov- 
ratayev and of L. P. Belyakova (1, 4), ob- 


TABLE | 
amics of soil organic carbon in cotton culture 
ith various crop rotations (Plow layer. Carbon 
is given as percent of weight of air-dry soil.) 


Ak-Kavak 
Experiment Sta. 
Pakhta-|Fer; Buk- 
gana) hara 
Crop rotation | Aral | Exper-| piper 
Expt. | iment Reiant 
; Station | Station Station 
With | With 
siistte | ied 
p-rotation field 
Second cycle | THEE | Fist | Fine 
(es 
M. A. Kea) | Roma- | Popa 
Belousov’s data)| zina’s akip's yev’s 
data) data) data) 
ton with grasses 0.99 0.94 0.66 0.97 0.72 
ton with grassed 
‘ow slice re- 
rsed 0.88 0.89 0.64 | ~ 0.87 0.74 
ston, 38rd year 
fter plowing grass 
nde = = = 0.83 0.72 
e, 5th year _ _— 0.49 0.77 0.72 
ne, 6th year 0.88 | 0.89) — — = 
: in carbon con- 
mt 6th year after 
lowing grass un- 
2] —0.11 | —0.05 | —0.17 | —0.20 | —0.01 
Pes annual ! 
ite of fertiliz-{N | 125% 150 75> | 140 
1g under 1 112.5 125 75 145 
om, kg./ha. 


In addition, manure was applied at 30 metric tons per 
‘tare per crop rotation. 

? Including 20 metric tons per hectare of manure per crop 
ation. 
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tained on the meadow-sierozem soils of the Vak- 
hsh River valley, establish that the decrease in 
humus after plowing under the grasses in the top 
40 cm. layer during the fourth to the sixth year 
of cotton cultivation amounts to 0.50 to 0.70% 
of the weight of the soil or 0.29 to 0.40% when 
calculated in terms of organic carbon. Consider- 
ing that the increase in humus in the soil under 
perennial grasses during the two to three years 
they live, under Central Asian conditions, 
amounts to 0.4 to 0.5% of the weight of the plow 
layer, these authors conclude that the residual 
effect of perennial grasses is limited to a three- 
year or at most a four-year period. After this, 
the field which was once in grass cannot be dis- 
tinguished from one which has long been plowed. 

According to the data from N. I. Zimina (11), 


TABLE 2 
Dynamics of soil organic carbon in cotton crop 
rotations with application of fertilizers (first 
rotation cycle) 


Organic carbon content as 
% of air-dry soil 
Depth, Crop rotation field NPK + 
cm. sianene metric 
fertiliser NPK hectare 
feannve 
0-25 | With 3-year-old alfalfa 0.91 0.91 0.91 
Third year after plowing 
alfalfa under 0.86 0.91 0.91 
Fifth year after plowing 
alfalfa under 0.73-0.18/0.82-0.09) 0.86 
Carbon loss as % of weight 
of soil 0.05 
Cotton monoculture on old 
field 0.70 = = 
25-40 | With 3-year-old alfalfa 0.66 0.66 _ 
With reversal of furrow 
slice and alfalfa 0.59 0.65 — 
Third year after alfalfa 0.58 0.67 —_ 
Fifth year after alfalfa 0.46 0.54 
Carbon loss as % of weight 
of soil _ | 70-20 | —0.12 


® The manure was applied in the fifth year after the alfalfa 
was plowed under. 

Note. At the end of the vegetative period an auger was used to 
take soil samples for analysis from the plow layer and the sub- 
surface soil. The borings were taken at five points, and the sam- 
ples from each layer of the five points were mixed to produce 
average samples. Analyses were made in duplicate. Organic 
carbon was determined by Tyurin’s method. Mineral fertilizers, 
in kg. per ha., were applied as follows in the years after the 
alfalfa was plowed under: 


1 2 3 5 
N 50 75 100 125 
P 100 100 100 100 


K 50 50 50 0 
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TABLE 3 


Dynamics of organic carbon in the plow layer under a cotton crop after plowing — 
under grasses in the first cycle 


(Carbon is given as percent of atr-dry soil) 


Beit Cotton 
Place of investigation Soil ppc er ela cee 
sowing | ist | 3rd | Sth 
cotton) year | year | year | year 
Central Station for | Typical thick Without NPK fer- | 0.75 (0.71) — | — \0.54 
Fertilizers and Agrol-| _ siernozem soils tilizers 0.75 |0.72| — | — |0.60 
ogy, Yangi-Yul’skiy NPK + manure On75 10272) =|) 0nG2 
district (Data from 
N. P. Malinkin) 
Kirgiz Experiment Sta-) Typical continu- | Without fertilizers | 1.18 | — | — | — |0.73 
tion, Osh district ously irrigated N 1.18 | —|—]|— |0.79 
(Data from N. L. sierozem under- NP 1.18 | — | — | — |0.86 
Zlinska) lain by gravel & NPs 1.18 | —}|—]|— |0.81 
sand i 
Tadzhik Experiment | Meadow-sierozem | Without NPK fer- | 0.93 | — |0.81/0.65 
Station, Kurgan- soils tilizers 0.92 | — |0.78/0.74 
Tyubinsk district 
(Data from N. P. a 
Malinkin) 
a 


* Phosphorus fertilizers applied only during the first half of the cycle. 


in a perennial experiment on typical sierozem of 
Ak-Kavak Station, the decrease in soil organic 
carbon in the sixth year after plowing grass un- 
der amounts to 0.26%. Data cited by a num- 
ber of other authors show considerably smaller 
losses of soil organic matter in perennial ex- 
periments when mineral and organic fertilizers 
are applied systematically to the crop-rotation 
fields (Table 1).* On crop rotations with three 
fields of grasses and six of cotton (3:6) on the 
typical sierozems of Ak-Kayak Experiment Sta- 
tion, in 3:5 erop rotations with mixed grasses 
on the light sierozems of the Pakhta-Aral Ex- 
periment Station and on the slightly saline 
meadow soils of the Bukhara Experiment Sta- 
tion, the losses of organic carbon in growing cot- 
ton in the fifth and sixth years after plowing 
grasses under amounted to 0.01 to 0.17% of the 
weight of the soil. The losses of soil organic mat- 
ter in crop rotations with mixed grasses are 
somewhat lower than in those in which pure al- 


*In all the tables obtained from the Soyuz- 
NIKil and given here on the non-saline soils (of 
the Ak-Kavak, Fergana and other experiment sta- 
tions) the organic carbon was determined by Tyu- 
rin’s method, whereas on the saline soils (Pakhta- 
Aral, Tadzhik and Bukhara Experiment Stations) 
it was determined by Knop’s method. In all cases 
nitrogen was determined by Kjeldahl’s method. 


falfa is sown. Higher losses are noted in 2:5 cro 
rotations on the light sierozems of the Fergan 
Experiment Station. It should be noted that th 
fertilizer application rates used in this crop rc 
tation were lower than in other experiment 
cited. f 
At the end of cycles involving systematic aj 
plication of fertilizers in most of the experiment 
shown in Table 1, the amount of soil orgam 
carbon lost proved to be smaller than the amour 
of humus accumulated under two or three yeal 
of perennial grasses. 
Our experiments, made on typical sierozer 
of the Yangi-Yul’skiy district for investigatin 
the dynamics of organic carbon in the soil of 
3:6 cotton-alfalfa crop rotation, show that th 
longer the time since the alfalfa was plowe 
under, the lower the content of the soil organi 
matter. When fertilizer is systematically applie 
under cotton crops, the losses of organic matte 
are considerably smaller than on a non-fe 
lized plot using identical methods of tillage an 
irrigation (Table 2). fy 
Table 2 shows that at the end of a five-yea 
cotton growing period which had begun whe 
three-year-old alfalfa was plowed under on 
field in the first cycle, the organic carbon con 
tent in the plow layer of the non-fertilized ple 
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ecreased by 0.18%, which can be recalculated 
3 9.7 metric tons of humus per hectare. When 
il mineral fertilizer was applied during the 
ane period the organic carbon content de- 
ate by 0.09%. With both manure and min- 


al fertilizers applied, the organic carbon con- 
nt decreased only by 0.05%. After five years 
f cotton growing in a crop rotation with sowings 
f perennial grasses, the organic carbon content 
the non-fertilized control plot was neverthe- 
ss higher than that of old fields with continu- 
us cotton crops. Similar data on the dynamics 
ta carbon as a function of time since the 


falfa was plowed under were obtained also for 
e subsurface soil. The extent of organic mat- 
sr loss in cotton crop rotations, as a function 
ither of the time elapsed since the grasses were 
owed under or of any other conditions, will be 
remely variable, because other factors, such 
soil type and structure, nature of irrigation, 
vel of the cotton-growing methods, climatic 
mditions, and so forth, also play a part. In all 
e climatic zones and on the main soil types of 
ventral Asian cotton plantations the systematic 
plication of fertilizer under cotton reduces the 
sses of the soil organic carbon in comparison 
ith non-fertilized soils. (Table 3). The losses of 
ganic carbon at the end of the crop-rotation 
cle proved to be lower on typical thick siero- 
ms of the Yangi-Yul’skiy district, somewhat 
igher on the sierozem-meadow soils of the Tad- 
hik Experiment Station, and highest on the 
ypical sierozems with permeable horizons of the 
irgiz Experiment Station. In different treat- 
ents of the experiment with differing fertiliza- 
ion, the change in the soil organic matter con- 
nt at the end of the cycle was different. In 
periments at the Central Station for Fertilizers 
d Agrology (TsSUA), somewhat smaller losses 
vere noted with mineral-manure fertilizers than 
ith mineral fertilizers alone. Other experiments 
o confirmed that soil organic matter content 
the end of a crop rotation cycle involving an- 
ual application of fertilizers under cotton crops 
considerably higher than in non-fertilized 
eatments. The highest soil organic matter con- 
nt was found in the second cycle of the crop 
tation (Table 4). With correct crop rotations, 
ystematic application of fertilizers and a high 
svel of agricultural methods, it is possible to re- 
luce the losses of soil organic matter. 

Tables 5 and 6 show the soil content of or- 
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ganic carbon and total nitrogen in cotton-alfalfa 
crop rotations by cycles. These data show that 
at the transition to the second and third cycles, 
the soil content of organic carbon and total ni- 
trogen is higher when fertilizers are applied than 
when the alfalfa is plowed under in the first 
cycle. The All-Union Cotton Research Institute 
(SoyuzNIKhI) has data showing that crops of 
raw cotton produced in the fifth and sixth years 
after plowing under grasses in the belt of typical 
sierozems on nonsaline, high-fertility land which 
has been through two or three cycles with sys- 
tematic application of fertilizers and advanced 
agricultural methods, do not decrease, but re- 
main at the same level. Under these conditions, 
the average raw cotton yields are shown by the 
data of Table 7 to increase at the time the new 
cycle begins. Also shown is that on the light 
sierozems of the Fergana Experiment Station, 


TABLE 4 
Content of soil organic carbon and total nitrogen of 
the end of the rotation cycle (Carbon and nitrogen 
are given as percent of atr-dry soil) 


Carbon Nitrogen 


Place of investigation; \ 
type of soil 


Depth, cm. 
Without 
fertilizer 
Fertilized 
Difference 
Without 
fertilizer 
| Fertilized 
Difference 


Ak-Kavak Central Agro- 
technical Station. Typ- 
ical sierozem. Crop ro- 
tation 2:5 

Fifth year after plowing 
under 2-year-old alfalfa. 
Second rotation. Data 
from P. M. Bodroy 

Central Station for Fer- 
tilizers and Agrology. 
Typical sierozem. Crop 
rotation 3:6 

Sixth year after plowing 
under 3-year-old alfalfa. 
First rotation. Data 
from N. P. Malinkin 

Fergana Experiment Sta- 
tion. Light sierozem. 
Crop rotation 3:6 

Sixth year after plowing 
under alfalfa. First ro- 
tation. Data from N. P. 
Malinkin. 

Tadzhik Experiment Sta- 
tion. Meadow-sierozem 
soils. Crop rotation 3:6 

Sixth year after plowing 
under grasses. First ro- 
tation. Data from N. P. 
Malinkin 


0-25|0.69/0.86)+-0.17|0.08/0.11/+0.03 


25-40/0.46/0.64/+-0.18)0.06/0.08|+-0.02 


0-25|0.65/0.69/+-0.04/0.09/0.10|+-0.01 


25-40)0.52)0.63)-+0.11/0.08|/0.09)+-0.01 


0-20/0.67|0.76/+-0.09) — | —| — 


0-30)0.65/0.74/+-0.09)0.09|0.10)+0.01 


30-50} — | — | — |0.08)0.10/+0.02 


664 N. P. MALINKIN 

TABLE 5 | 

Increase in the content of organic carbon and total nitrogen in the soil of cotton-alfalfa crop rotations 
cycles (C and N are given as percent of oven-dry sotl) i 

Cover of 3-year-old alfalfa, Increase in C and N content 4 

Cover of 2nd cycle, 1947 from 1937 to 1947 &, 

3-year-old alfalfa, Mf 

Expt. Depth, ist cycle, 1937 Depth, Sourceotan 
No, cm. cm. Non-fertilized Fertilized Non-fertilized Fertilized ¥ 
Cc N c N Cc N c N Cc N , 

Te 0-20 | 0.88 | 0.09 0-25 | 0.86 | 0.09 | 0.98 | 0.11 |—0.02) +0 | 0.10 | 0.02; P.M. | 
20-40 | 0.57 | 0.06 | 25-40 | 0.53 | 0.06 | 0.75 | 0.09 |—0.04; 0 | 0.18 | 0.03 Bod- | 

rov # 

Cover of 2- Cover of 2-year-old Increase in soil carbon (a 
year-old alfalfa, 3rd cycle, content from 1939 to J 
alfalfa, Ist 1951 1951 ) 
cycle, 1939 vy 
Iie 0-25 | 0.78 — 0-25 |} — OO 2a ites — — |0.14} — | M.A.) 
25-40 | 0.47 — 25-40 | — = Onl — — |0.24; — Belo- 
usova. 


® From 1935 to 1947 fertilizers were applied under cotton and alfalfa as follows: N, 11.0 centners pe 


hectare; P.O; , 14.5; K.O, 5.25; manure, 24 metric tons per hectare. # 
> From 1939 to 1951 fertilizers were applied under cotton and alfalfa as follows: N, 10.3 centners pe 
hectare; P20; , 13.8; K2O, 4.5; manure, 40 metric tons per hectare. : 
Crop rotation 3:7 (3 years of alfalfa, 7 years of cotton) 2: 

Crop rotation 2:4 (2 years of alfalfa, 4 years of cotton) 


TABLE 6 


Increase in organic carbon and total nitrogen content 
of the soil of a cotton-grassland crop rotation 
(Carbon and nitrogen given as percent of weight 
of air-dry soil) 


Old Cover of . 
5 plowland | 2-year-old mee Cx, Al 
S before mixed ee ee 
ee sowing grasses, ee 1938 
a rs grass, 2nd cycle, ti 1940 Source of data 
z 3 1938 1949 g 
a a 
5 | 
a a 
g a Cs) Noy ve NC N 
iit 0-20} 0.62] 0.07} 0.76} 0.08} 0.14) 0.01; S. N. Ryzhov 
& N, 1. Zi- 
mina 
20-30} 0.56] 0.06] 0.76| 0.08] 0.20] 0.02) same 
30-40) 0.32} 0.04) 0.50) 0.04) 0.18) 0 same 
40-50} 0.29} 0.03] 0.40] 0.03] 0.11] 0 | same 


Note. Crop rotation 2:5. Grasses sown in 1940 and 1947. Second 
eycle began in 1949 with cotton on a layer of grass. From 1937 to 
1948 fertilizers were applied as follows: N,-14.6 centners per hec- 
tare; P2Os , 16.7; manure, 130 metric tons per hectare. Plow- 
ing took place annually to a depth of 30 em. The soil is the typ- 
ical clay loam sierozem of Yangi-Yul’skiy district. 


soil cultivation using crop rotation and the sys- 
tematic application of fertilizers is evidently a 
slower process than in the zone of typical siero- 
zems. But even in this case, at the beginning of 
the second and third cycles there are distinct 
tendencies toward an increase in the production 
rate of raw cotton and an increase in the crop 
increments when fertilizers are applied. 


TABLE 7 { : 
Yield of raw cotton in centners per hectare by 


crop-rotation cycles 3 
— > 
Ak-Kavak Fergana Experiment Station. Light _ . 
Expt. Sta,;| Sierozem. Data from B. I. Romanoyskiy 
typical — 
sierozem; . 3 
data from Increase in raw 
As In 2:4 crop cotton crop in 
Dorman rotation® centners per 
Crop- N hectare by cycle 
rotation ae == 
cycle | Fertilizers | ized 
applied | cotton r 
annually, | mono- i ‘a 4 
ewe culture 8 Ee |e is Lon 
rotation: 2S Co3 2.9 oo 
ara | Sis 3m SEE 
ov mad oy cs Oa 
9°) Bag | aes) ie ae 
a6ul ace fet gaa] 2a sag 
4 a = = = ee | 
First | 37.8] 36.5 | 23.9 | 29.2 | 37.9 5.3 | 14.0 
Second | 45.9) 39.4 | 22.8 28.3 41.3 5.5 185. 
Third — | 43.6 || 18.4 32.1 39.2 13.7 20.8 
= 


sz 


® The first figure designates alfalfa fields, the second coti 
fields. ‘ 


perennial grasses, there is an increase in the 
humus and nitrogen content, that is, natural 
improvement, both of the plow layer and 
soils beneath it. As a result of such natural so 
improvement the yields of raw cotton increas 
and the fertilizers applied are observed to bt 
more effective. 


Conclusions 


The content of organic matter under the 

of cotton crop-rotation fields changes as a 
tion of fertilizer applied under cotton and 
ses. 

When fertilizers are applied systematically 
er cotton crops, the losses of organic matter 
increasing time since the alfalfa was plowed 
er become smaller than on non-fertilized soils 
1 the same tillage and irrigation. 
In passing from one cycle to the next, with 
ematic application of mineral and organic 
ilizers, an increase takes place in the content 
umus and nitrogen in the soil of cotton crop- 
tion fields. That is, there is natural improve- 
+ both of the plow layer and of the soil be- 
th it. This’ causes an increase in the raw 
on yields and greater effectiveness of the 
ilizers applied. 


Received September 10, 1957 
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PORTANCE OF MANURE AND MINERAL FERTILIZERS 
RAISING FERTILITY OF SOD-PODZOLIC SOILS 


N. Koshel’kov, U. G. Oksent’yan, Z. M. Osipova and D. V. Khar’kov, 
D.N. Pryanishnikov Dolgoprudnaya Agrochemical Experiment Station 


ANURE and mineral fertilizers are very im- 
portant factors in raising productivity. 
interest is their significance when applied 
tematically for the productivity of sod-pod- 
i¢ soils. 
his experiment, begun as long ago as 1937 
8. V. Shcherba, at the Dolgoprudnaya Agro- 
mical Experiment Station, Scientific Research 
titute for Fertilizers and Insecticides, was un- 
taken to clarify the effect of the regular, sys- 
atic application of different quantities of 
ieral fertilizers on the productivity of sod- 
zolic soils and the function of manure in this 
cess. The following quantities of nitrogen 
e applied per cycle of the fourfield crop ro- 
ion (potatoes, spring wheat, sugar beets and 
s): 0, 200, 300, 400, 500 and 600 kilograms 
hectare. The composition ratio of the N to 
); to K.O fertilizer was 1 to 1.25 to 1.5. The 
ar beets received 40%, the potatoes 30% and 
spring wheat and the oats received 15% each 
the total fertilizers. These were applied both 
h and without manure. The manure was ap- 
xd twice during the rotation cycle with 20 
tric tons each under the sugar beets and the 
atoes. 
he forms of the fertilizers used were selected 
avoid any side effects. Thus, ammohium sul- 
, dicaleram phosphate and potassium nitrate 
re. applied under potatoes; sodium nitrate, 
Ictum phosphate and potassium chloride un- 
‘sugar beets; ammonium nitrate, dicalectum 
Isphate and potassium nitrate under the 
ins. In addition, calcareous tuff equivalent to 
if the hydrolytic acidity was applied at the 
inning of the experiment. The area of the 


The experiments from 1937 to 1951 were car- 
out by R. Yu. Brodskaya and those from 1952 
956 by D. VY. Khar’kov. The agrochemical in- 
‘tigations were done by P. N. Koshel’koy and 
M..Osipova and the microbiological investiga- 
as by U. G. Oksent’yan. The first data on the 
/eriment were published by S. V. Shcherba and 
‘Yu. Brodskaya in 1950 in a symposium dedi- 
ad to D. N. Pryanishnikoy. 


plots was 42 m’*. but the actual experimental area 
was 20 m*. The experiment was replicated four 
times. Of the four theoretical crop-rotation fields, 
only three were actually set up. 

The agrochemical investigations in the ex- 
periment began in 1949. By this time three crop- 
rotation cycles had taken place, during the 
course of which the following amounts had been 
applied to the soil in the high-quantity series: 
manure, 140 metric tons per hectare; nitrate 
fertilizers, 1980 kilograms per hectare; phos- 
phorus (P.O;), 2475 kilograms per hectare; po- 
tassium (KO), 2970 kilograms per hectare. Wa- 
ter extracts were prepared at a soil-to-water 
ratio of 1:5. In these we determined nitrates, 
nitrites, ammonia, phosphorie acid, mobile or- 
ganic matter, dry and ashed residue, electrical 
conductance and SO,. No nitrites, ammonia or 
SO, were detected. The conductance values 
proved to be about the same for all treatments. 

A substantial increase in dry residue was noted 
on plots with mineral fertilizers. The organic 
matter content increased on all fertilized treat- 
ments. Toward fall the amounts of nitrates were 
noticeably smaller than in May because of their 
removal by the sugar beets. P.O; showed the 
same tendency. Large amounts of water-soluble 
potassium and sodium were noted on plots with 
mineral fertilizers. The ashed residue amounted 
to about two thirds of the dry residue and did 
not exceed 0.05% of the weight of the soil, show- 
ing the negligible concentration of salts even 
when large quantities of mineral fertilizers had 
been applied. : 

Having observed considerable amounts of ni- 
trates, water-soluble phosphorus and chlorine 
in the plow layer, we decided to investigate their 
movement down the soil profile. To this end, 
in May, 1954 we took soil samples down to a 
depth of one meter on plots in the sugar beet 
field. The NO, , P.O; and Cl were determined in 
water extracts. In addition, in 1952, we deter- 
mined the readily available phosphorus on plots 
with the same treatments, using the methods of 
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TABLE 1 
Analyses of water extracts of samples taken in 1950 


In milligrams per kilograms of soil In mg. per 100 gm. of soil Organic matt 
(treatment: wit 
ened 0.05 gm. n| 
Fertilizer NOs P20; K Na Dry residue ane per 100 gm. 80 
5/4 9/19 5/4 9/19 5/4 5/4 5/4 9/19 5/4 5/4 
Without ferti- 
lizers UG 5.5 1.25 1.55 .O | traces 49 46 31 28.7 
Manure 29.1 9.0 1.92 1.55 A) ne 59 §2 39 29.1 
600 kg. per ha. 
of NPK 22.5 | 14.0 | 24.80 | 18.40 5} 17.8 | 66.1], 63-1 50ai eee 
Same + manure | 22.9 | 13.0 | 22.70 | 20.60 OF 23826 64 81 37 42.5 
TABLE 2 The water-soluble phosphorus was concentrat 
Results of mobile compound determinations in in the plow layer of the plot with mineral fer 
the sol i 
lizer. The deeper layers showed no substanti 
Wate eolabte Available PsOs differences from those of the control plot. T 
picture was the same with slightly acid extrae 
Dente a ae aes eee Kirsa- However, there was noticeable migration in 
sy epth, KOV nov s sae e . 
esis cnt es . method|method the subsurface soil in the last treatment, in whi 
manure and mineral fertilizers were applied t 
mg. per kg. of soil oe nae gether. { 
The soil content of total nitrogen and hun 
Without fer- 0-20 | 3.6 | 6.2 | none | 4.44 | 10.50 is of great importance in estimating fertil 
ales ae a i le ee a Table 38 shows the results of numerous detern 
60-80 | 2.4] « “ 1.82 | 12.30 nations made in this experiment. } 
80-100} 2.0 | none | “ = om Plots with manure and mineral fertilize 
Rees 020i gad aecae lh 5.80 | 6.30 Showed larger amounts of humus and total 
20-40 | 3.4 | traces] “ 2.98 | 3.80 trogen than did the control plots. Mineral fer 
40-60) 4.6) % - 3-02 | 6-60 lizers cause this because there are larger amour 
60-80} 4.0 | « of 2.81 | 5.63 f , lots treated qithuniae 
Bo ciool Lidell enenoulnee fa a of organic residues on plots treated wi e 
than on the control plot. Analyses performed 
aes ee Ace pa rts : per sont 1952 showed an increase in the humus conte 
i af sU- , + . . 
40-60! 4.0 | 14.0 | « 4.62 | 7.00 Of the subsurface soil (20 to 40 em.). 
60-80} 3.0] 7.5 | “ 2.38 | 9.60 The relative content of hydrolyzable organ 
ie aed | _ oi matter, expressed as a percentage of the 
Same + 0-20 | 34.5 | 20.7 | “ | 27.30 | 31.00 soil iniate was the same for fertilized and no 
HEETAENS 2020) 8-2 1D Nees 7.38 | 17.50 fertilized plots. With respect to the absolu 
40-60 | — | 7.5 | 24.4] 3.50 | 11.20 ei fmmabile hyde eanl 5 ten 
60-80 | 3.7 | 5.0 | 17.7 | 2.90 | 11.69 Values of mobile hydrolyzable organic matter a1 
80-100] 2.5 | 5.0 | 7.0 | — = nitrogen, the most impressive treatment was 


F. V. Chirikov (0.5 N CH,COOH) and A. T. 
Karsanoy (0.2 N HCl; Table 2). 

On plots with mineral fertilizers, nitrates were 
detected along the entire profile, showing their 
deep movement. This was made possible by 
abundant precipitation during the first half of 
May. There was even more intensive leaching of 
chloride, which could be detected to a depth of 
more than 40 cm. only in the last treatment. 


using large quantities of mineral fertilizers (6 
ke. per ha. of NPK) in addition to manure. 

Determinations were made of the form 
which nitrogen is present in samples hydrolyz 
for 24 hours with 6 N sulfuric acid. From 74 
83% of the total nitrogen was extracted from # 
soil by 6 N sulfuric acid. The most abunda 
form proved to be monoamino nitrogen, the f ra 
tion of which contained more than 50% of fl 
total nitrogen. The treatment with 600 kilogram 
per hectare of NPK and manure stood out pa 


arly. In it the increase in total nitrogen took 
e mostly in the form of monoamino nitrogen. 
er forms are present in smaller quantities 
ch did not vary in their proportions with 
rent treatments. 

order to characterize the physicochemical 
perties of the soil, determinations were made 
he hydrolytic acidity and total adsorbed ca- 
s by Kappen’s method, exchangeable acidity 
K. K. Gedroits’ method, mobile aluminum 
A. VY. Sokolov’s method and exchangeable 
assium, sodium and calcium by extraction 
h 0.75 N NH,OAc followed by photometric 
ermination. Table 5 shows these data for 
4. Similar data exist for the years 1952 to 
5. ‘ 
ven when they were applied in large quanti- 
, mineral fertilizers did not exert any mate- 
influence on soil acidity or on the total ad- 
ed cations. This is because of the effect first 
iming, which was carried out at the begin- 
¢ of the experiment in 1937, and second, of 
combination of fertilizers, that is, the ap- 
ation of acid forms—ammonium sulfate and 
nonium nitrate—at the same time as alka- 
fertilizers—dicalcium phosphate and potas- 
nitrate. Manure increased the cation satu- 
ion of the soil. The acidity increased with 
th in all the treatments as did the amount 
xchangeable aluminum, according to the 1952 
sa. Base saturation, on the other hand, de- 
ased with depth. 

e attempted to characterize the physical 
properties by determination of its structural 
e according to the method of N. I. Savvinov. 
ie data obtained showed that neither manure 
mineral fertilizers exerted any material in- 


TABLE 3 
ults of determinations of soil humus and nitrogen 
mm percent 
1952 1954 Average 
: jee n n 
Fertilizer z z 2 ; 2 . a |, 
os ° og 
ga\em| § | 28) 8) 588) 88 
3 2 Ba | | A | a 


1.720|0.096)1.85)0.103 
1.930)0.103/2.03)0.114 


shout fertilizer 
ure 

kg. per ha. of 
1.810}0.105)1.81/0.105 
2.050/0.116/2.05/0.116 


2.180)2.140/1.770 0.125 
2.090)2.260)2.560 0.146 


1,930)0.115)2.00/0.120 
2.170\0.144/2.27|0.145 


TABLE 4 
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Forms of soil nitrogen in milligrams per 
100 g. of soil 


Zz = = FlajAale 

by Pete ieais | esiele 

Fertilizer rare liens: eee ie: igs o8 be et alace 

3 REN |S 2 | Seo ayo 

a | a a Sa Sa = DS 

Without fertilizer | 111) 91.89)/82.7|/25.50/20.4/57.76/52.0/9.23| 8.3 

Manure 125} 93.13)74.5/21.84/17.5)62.09/49.7|9.20) 7.3 

600 kg. per ha. of 

NPK 125) 95.59/76.4/22.99|18.4/64.54/51.7/8.01) 6.4 

Same + manure 146 |118.02/80.8'22.22 15.2'87.79|60 1/8.01) 5.5 
TABLE 5 


Acidity data and content of exchangeable cations 


2 iene 
2 | = 
BB) BE E 
ea) 9s| | & 
Fertilizer . eee 8 i: e Pe 
Sim ia | Ore | 
| a 
& |meq. per 100gm.| *6 | mg. per 100 gm, 
fat of soil $ of soil 
Without fertilizer} 0-20 | 3.44) 0.15) 8.54) 71.3) 132 | 8.16) 2.72 
20-40 | 4.23) 0.98/10.55| 72.3) 144 |14.0 | 7.30 
40-60 | 5.48] 2.22)10.25| 65.2) 146 |15.8 | 9.60 
60-80 | 5.70) 3.21)10.26) 64.3) 130 |16.4 | 4.24 
80-100} 6.20) 3.31)11.77) 65.5) 140 |17.6 | 5.44 
Manure 0-20 | 3.08) 0.13) 9.83) 76.1) 156 |10.4 | 3 20 
20-40 | 3.66) 1.00)10.56) 74.3) 178 |11.6 | 3.36 
40-60 | 5.44) 2.39)10.15| 63.5] 176 |15.2 | 3.52 
60-80 | 6.61) 3.65)11.08) 61.0) 159 17.8 | 4.10 
80-100} 7.10) 3.75)12.12| 63.0) 180 |17.6 | 5.28 
600 kg. per ha. of 
NPK 0-20 | 3.59) 0.22] 8.90) 69.6) 120 |22.3 | 7 60 
20-40 | 6.78) 3.18) 9.53) 58.4) 124 |14.4 | 5.60 
40-60 | 7.48] 4.09] 9.02) 54.8) 142 |16.0 | 5.70 
60-80 | 8.16) 4.26) 9.32) 53.3) 108 |17.2 | 5.60 
80-100) 7.56) 3.88)10.26| 57.5) 144 |22.38 | — 
Same + manure | 0-20 | 3.48) 0.10) 8.18) 70.1) 138 |19.8 |11.20 
20-40 | 3°79) 0.85) 7.86) 67.4) 130 |14.0 | 6 50 
40-60 | 4.89) 1.87/11.60) 70.3) 210 |16.6 | 8 00 
60-80 | 7.20) 2.43)11.82| 61.1) 182 |14.4 | 5.80 
80-100) 5.39 2.64/13.36 71.2| 224 |17.6 | — 


fluence on the soil structure. We 
establish the effect of manure and mineral ferti- 
lizers on the chemical plant composition. In 1952 
and 1955, analyses of spring wheat plants were 
carried out by stage of development, including 
the stage at harvest. Determinations during the 
period of spiking showed that the vegetative 
organs contained more nitrogen and potassium 
but less phosphorus, which begins to aecumulate 
in the reproductive organs of the plant before 
the other elements. By the time the crop is ready 


attempted to 
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TABLE 6 
Results of analysis of grain and straw of spring wheat as percent of air-dry substance 


P. N. KOSHEL’KOV, ET AL 


1952 1956 
Bertilizer Grain Straw Grain Straw 
Nn | PiOs| kK | NW | Pos} RK | POGh Eto.) Bie |p... | eee 
Without fertilizer 1.89} 0.75) 0.30] 0.6 | 0.17} 0.60) 1.56) 1.33) 7.58) 1.01) 0.54) 0.46) 0.10 
Manure 1.88] 0.77) 0.30) 0.58) 0.21) 0.64) 1.59) 1.46) 8.34) 0.96) 0.47) 0.44) 0.05 
600 kg. per ha. of NPK) 2.38} 0.95) 0.32) 0.82) 0.32) 0.74) 2.13) 1.87/10.68) 1.06) 0.40) 0.77) 0.387 
Same + manure 2.49] 0.83) 0.30} 1.17) 0.43) 1.70) 2.19) 1.83]10.43] 1.05} 0.54) 0.72) 0.37 


TABLE 7 


Results of analysis of oats grain and straw as 
percent of air-dry substance 


Grain Straw 
Fertilizer 
N | P205| K C |P:05| K 

Without fertilizer 1.72|0.87/0.30/0.57|0.50)1.80 
Manure 1.70)/0.85/0.26/0.59|0. 46/1 .52 
600 kg. per ha. of 

NPK 2.19/0.94/0.39/0.87/0.60)2.00 
Same + manure 2.300.87 0.39/1.42)0.72|/2.23 

TABLE 8 


Average percentage sugar content of beets from 
1949 to 1955 


200 300 400 500 600 
kg. per|kg. per|kg. per|kg. per|kg. per 
ha. of |ha. of | ha. of | ha..of | ha. of 
NPK | NPK | NPK | NPK | NPK 


Fertilizer 0 


Without manure/18.3] 18.6) 18.5] 18.3] 18.3] 17.8 
With manure 18.2) 18.3) 18.4) 18.3 1727) Wer 


for harvesting the picture is reversed, as shown 
convincingly by the data of Table 6. 

A noticeable increase in the nitrogen content 
of grain and straw was observed in all fertilized 
treatments, especially in the presence of mineral 
fertilizers. The grain from fertilized plants had 
a higher content of protein than grain from those 
of control plots. Phosphorus and potassium 
showed considerably smaller changes. Substan- 
tial increases in the nitrogen, phosphorus and 
potassium content took place in the straw but 
only in the presence of mineral fertilizers. An 
analysis of the oats harvest was made in 1952. 
The results are shown in Table 7. The applica- 
tion of manure did not cause any noticeable 
change in the nitrogen, potassium and phos- 
phorus content. Mineral fertilizers caused vigor- 
ous increases of these elements in the grain and 


straw. For six years the sugar content of f 
roots of sugar beets was determined polarimet! 
cally. Average data for the period 1949 to | 
are shown in Table 8. 

The percentage of sugar in the beets vari 
considerably from one year to the next. The e 
fect of fertilizers is negligible. With applicatic 
of the very largest amounts a small decrease 
seen in comparison with control treatments. _ 

The effect of fertilizers on the number a 
species composition of the soil microflora we 
studied from 1953 to 1955. Preliminary 80 
analyses were carried out in 1953 with fot 
treatments of the sugar-beet experiment. Manu 
ing caused considerable enrichment of the so 
with microorganisms. The systematic applic 
tion of large quantities of mineral fertilize 
without manure led to a considerable decreas 
in the number of all the physiological groups ¢ 
microorganisms, Determinations of the mierc 
flora were made four times in 1954 and thre 
times during the growing period in 1955. TI 
soil under sugar beets and oats was studied 1 
1954, but only that under sugar beets was stuc 
ied in 1955. Samples taken from five differer 
places on the plot were mixed and composite 
to a 500 gram sample for analysis. The soil we 
taken by an auger from a depth of 20 cm. Be 
fore each use the auger was wiped off with alec 
hol which was then ignited. Analytical resull 
are shown only for 1955 (Table 9). 

Manure and mineral fertilizers exerted an e 
fect on the total numbers of microorganisms a 
on their physiological groups. When manure we 
applied under sugar beets it increased the ‘a 
number of microorganisms over the number 0 
served on the control plot. The 300 kg. per h 
of NPK treatment increased the number of m 
croorganisms over the number observed on tl 
control plot, especially when manure was al 


‘. 
ry 


| 
| 
: 
| 


_— 


IMPORTANCE OF FERTILIZERS IN SOD-PODZOLIC SOILS 671 


TABLE 9 
Composition of microflora 


Cellulose- 
Total digesting 
re Deni- | Ammo-} Clos- bacteria Nitro- 
“a ae trifiers | nifiers |tridium Acti- |bacteria WN hace INOUE 
Fertilizer eethodh A Fungi | nomy- |in units pa geccrestote lates) 
Aerobic canes cetes |per gm. Sou, 


of soil 


Number in thousands per gm. 


of soil 


June 20, 1955 


hout fertilizers | 15100) 57.6 | 32.4 | 32.4 | 1 
lnure 18100} 5.2 |194.5 | 32.4 | 5 
kg./ha. of NPK | 17600} 5.0 |120.0 | 31.7 | 2 
kg./ha. of NPK | 12100) 11.7 \585.9 | 7.8 | 1 
kg./ha. of NPK 
+ manure 8000/121.0 |319.0 | 31.9 | 5 
kg/ha. of NPK 

manure 10 32.0 |) 97.0) | 32-0 VE 


5.0 | 1.2 | Many | 783 0 | 16 very large brown 
0.7 | 0 Few 900 TON s 12 sonst e ‘ 
atleO Aver. | 629 0; 0 

2.7 (13.0 cy 575 0 | 39 

0.9 | 1.3 |Many | 385 | 1000 } 11 

8.6 | 1.3 ce 231 |10000 | 55 


July 25, 1955 


hout fertilizers 8700}191.0°| 47.8 | 71.7 | 64.0 | 1.3 | 239 1135 | 260 | 25 large 
nure 10000/301.0 |301.0 | 72.0 | 63.0 | 6.0 | 723 1326 55 127 

kg./ha. of NPK | 6100) 29.0| 0 US OMe tO. MOL 1525 | 300 | 0 slight film 
kg./ha. of NPK | 3500) 30.0 | 48.6 | 72.7 | 4.0 | 0.7 | 425 607 | 200} O thick film 
kg./ha. of NPK 

manure 12900} 83.0 | 48.9 |298.0 | 54.9 | 1.3 | 836 1607 ) 345] 1 

kg./ha. of NPK 

manure 16500/103.0 |271.0 |217.0 /101.0 | 1.2 1.1 | 3000 | 400) 0 thick film 

Aug. 22, 1955 


hout fertilizers 9600/103.0 | 4.3 | 65.0 
nure 10640) 4.3 | 27.0 | 27.0 
+ kg./ha. of i 
(PK ; 


13900) 0 9.6 | 6.4 
+ kg./ha. of 
(PK 8500} 9.56) 26.5 |265.0 
+ kg./ha. of 


‘PK + manure | 12400) 47.5 | 4.2 | 26.4 | 1 
kg./ha. of NPK F 
manure 17800/100.4 | 15.8 | 52.8 | 1 


3.3 | 0.1] 34.9 | 281) 150 61 large thick 
5.4 10.3 | 112 418 | 500 2 


6.95| 0.3 |.130.7 | 187 | 475 | 1710 very small 


4.2 | 0.06} 107.9 | 185 90 | Very many small 
2.0 | 0.73] 248 103 | 1100 “ “ ce 
3.2] 1.2 | 461 498 | 750 “ “ “ 


plied. In larger amounts—600 kg. per ha. 
'K—a considerable decrease in the number 
bacteria was observed. Manure increased the 
mber of microorganisms. 

‘mall numbers of azotobacters were found in 
soil samples under beets and oats: the largest 
mber of colonies on the surface of a soil plate 
1954 was 60, and in 1955 it was 127 (in the 
nure treatment). Evidently, large amounts of 
ogen inhibit azotobacters; the soil pH (5.8) 
3 not sufficiently favorable for their activities. 
meral fertilizers had a similar effect on Clos- 
lium pasteurianum. 

n all treatments, insignificant numbers of an- 
obic cellulose-digesting bacteria were noted 


under sugar beets. We assume that this was 
caused by good soil aeration under the intertilled 
crop. The action of manure and mineral ferti- 
lizers is also manifested on other groups of bac- 
teria. In the manured treatment under oats there 
were considerably more anaerobic bacteria than 
in the control treatment. 

In addition to the microorganisms listed above, 
determinations were also made of the numbers 
of denitrifying bacteria, ammonifiers, nitrobac- 
teria, actinomycetes and fungi. The effect of 
manure and NPK on the numbers of these bac- 
teria was similar to the effects on other bacterial 
groups: the smallest number was noted in the 
treatment with 600 kg. per ha. of NPK without 
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TaBLE 10 
Productivity of crops on experimental plots im 
centners per hectare 


P. N. KOSHEL’KOV, ET AL 


S24) 
a 
wa] ai] a) ai) 2G 
Years | Fertilizer | 0 sb spe Pei pH B| apo 
2 BS | bee Bale eal # a 
8 AS/s a0/8 e/g a0 ss 
Spring wheat 
1938-1956 | Without 
manure} 11.0} 16.8 | 18.9 | 20.2 | 20.7 | 20.8] 3.8 
Manure | 14.4) 19.2 | 20.0 | 20.9 | 22.3 | 21.9 
1956 | Without | 
manure} 14.5] 30.3 | 35.6 | 39.3 | 42.4 | 40.6| 4.9 
Manure | 19.0 32.3 | 36.1 | 41.4 | 41.9 | 39.4 
d 
Oats 
1938-1956 | Without 
manure] 16.7| 23.2°| 28.1 | 30.0 | 31.7 | 28.9] 5.8 
Manure 19.7| 28.7 | 29.5 | 30.9 | 30.4 | 30.8 
1956 Without 
manure| 27.1) 42.0 | 44.4 | 43.1 | 44.9 | 43.7/11.1 
| Manure | 27.6} 43.1 | 42.5 | 45.0 | 44.3 | 47.0 
Sugar beets 
1949-1966 | Without 
manure} 58 | 185 227 259 277 | 281 | 6.6 
Manure 137 | 248 278 305 298 | 311 
Potatoes 
1937-1956 | Without 
manure| 156 | 266 | 300 | 311 305 | 300 | 2.5 
Manure 220 | 301 327 | 316 | 305 | 295 


manure; the largest number was noted in the 
treatments with manure and combined manure 
and mineral fertilizers. 

The average harvests of spring wheat, oats, 
sugar beets and potatoes after five crop-rotation 
cycles are shown in Table 10. 

A general increase in the yields was noted 
on plots both with and without manuring. With 
spring wheat the yield increment was observed 
to increase with application of up to 400 kg. 
per ha. of NPK (corresponding to 60 kg. per 
hectare of N on this crop); in 1956 the increase 
was observed with up to 500 kg. per ha. of NPK 
(75 kg. N); when manure was also used an in- 
crease took place only up to 300 kg. per ha. of 
NPK or up to 400 kg. per ha. of NPK in 1956. 
With oats, the demonstrated yield increment 
averaged over a number of years increased with 
application of up to 300 kg. per ha. of NPK 
without manure and up to 200 kg. per ha. of 
NPK with manure. With larger quantities of 
fertilizers, wheat and oats are subject to early 


lodging. As a result of this the actual grain 
decreases and there is a harvest with a less fay 
able grain-to-straw ratio. 

Trials with sugar beets were made in 
fourth and fifth crop-rotation cycles. As ¢ 
from the data averaged for seven years, 
reacted extremely favorably to mineral fertili 
and the increment increased even with the le 
est amounts of fertilizers. Without manure, — 
nificant increments over those obtained with 
next smaller quantities of fertilizers were © 
served with quantities up to and including | 
kg. per ha. of NPK, while with manure an 
crease was observed up to and including 400 ' 
per ha. of NPK. Further increase in the y: 
was impossible because on the fine clay loam - 
of the Dolgoprudnaya Agrochemical Experim. 
Station sugar beet development is delayed. 

An increase in the potato yields is obser 
without manure but with up to 400 kg. per 
of NPK, while with manure the increase } 
observed with use of up to 300 kg. per ha. 
NPK. This tendency was manifested in b 
meteorologically favorable and unfavora 
years. An abundance of available nitrogen in’ 
soil causes a considerable part of the carbol 
drates synthesized by the leaves to enter into - 
structure of proteims, resulting in a protrac 
period of starch accumulation in the tubers. 17 
final result is that, at harvesting, the tubers 
plots to which large quantities of nitrogen hi 
been applied prove to be less mature and hi 
a smaller starch content. 

Table 11 shows the average yields of the fi 
rotation cycle as percentages of those of — 
first rotation cycle. 

On the control plots the yields of spring wh 
remained at about the same level from ~ 
first cycle, but on fertilized plots there w 
vigorous increases (more than 200%). Oats, 
ing a less demanding crop, can make better - 
of the soil nutrients than spring wheat, wh 
requires a high level of cultivation. This co 
be seen from harvests on the control plots. 7 
oat yields in the fifth cycle proved to be | 
again as large as the average first-cycle yie 
Since fodder beets were planted in the f 
three cycles, no comparison is drawn in this ta 
between the yields of the first and fifth eye 
The potato yield on the control plots in the fi 
cycle were relatively smaller than those of 
first. On the fertilized plots, however, they w 
considerably larger than those of the first cy 
especially with optimal quantities—400 ke. 


of NPK without manure and at 300 kg. per 
of NPK with manure. 

omparing the crop data with the results of 
agrochemical and microbiological investiga- 
s, it is seen that an abundant supply of read- 
available nutrients stimulates the growth 
he crops. Crop growth also continues with 
unts of fertilizers which are so large that 
ily inhibit microorganisms, but then the plants 
} fed by the nutrients supplied by the ferti- 
Ts. 

anure applied at 40 metric tons per hectare 
‘ing a cycle is less effective than fertilizers 
taining equal amounts of nitrogen applied 
200 kg. per ha. of NPK. When applied to- 
her with mineral fertilizers, manure intensi- 
; their action. Thus, for example, when ap- 
ad under wheat, oats and potatoes 200 kg. per 
of NPK plus manure is as effective as 300 kg. 
> ha. of NPK without manure. Also, when ma- 
e is used there is earlier development of lodg- 
» with grams and delay in the development of 
erground organs with edible-root plants. The 
ition of manure to mineral fertilizers applied 
cultivated sod-podzolic fine clay loam soil 
es the same picture as simply increasing the 
ntity of mimeral fertilizers used. 


Conclusions 


his work gives the results of a field experi- 
nt extending over a period of years in which 
erent quantities of mineral fertilizers were 
lied to land with and without manuring. The 
periment was begun in 1937 on a fine clay loam 
-podzolic soil of the Dolgoprudnaya Agro- 
emical Experiment Station, Scientific Research 
titute for Fertilizers and Insecticides. The 
h cycle of a four-course rotation (potatoes, 
ing wheat, sugar beets, oats) ended in 1956. 
e results showed that: 

1. After a twenty-year period of experiment- 
, the crop yields in the fifth crop-rotation 
le were increased one and a half to two times 
‘the application of mineral fertilizers. The ad- 
ion of manure to the mineral fertilizers had 
same result as simply increasing the quantity 
the latter. Manure is less effective than an 
ual quantity of mineral fertilizer containing 
e same amount of nitrogen. Lodging of grain 
ops and delay in the beginning of develop- 
ent of the underground organs of potatoes and 
gar beets were factors limiting the effective- 
ss of large quantities of fertilizers. 
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TaBLeE 11 
Average yields in the fifth rotation cycle as percent 
of first-cycle harvests 


2 : 300 F 400 : 500 K 600 
Fertilizer | 0. /§E-Perlhe erik perks erlke: pe 
NPK | NPK | NPK | NKP | NPK 
Spring wheat 
Without manure} 98 | 147 | 185 | 204 | 223 | 236 
Manure 92 | 161 | 200 | 235 | 242 | 236 
Oats 
Without manure|109 | 150 | 140 | 136 | 147 | 143 
Manure 115 | 144 | 144 | 128 | 135 |-157 
Potatoes 
Without manure} 83 | 103 | 129 | 144 | 115 | 129 
Manure 96 | 110 | 121 | 116 | 117°} 113 


2. The application of manure and mineral 
fertilizers led to an increase in the soil content 
of total and hydrolyzable humus and. nitrogen 
compounds, available phosphates and potassium. 
With respect to the physicochemical soil proper- 
ties, manure proved to have a certain basic ac- 
tion on it. Mineral fertilizers, applied to previ- 
ously limed soil in combinations designed to 
avoid side effects, did not exert any material in- 
fluence at all on the physicochemical properties 
of sod-podzolic fine clay loam. But all these fac- 
tors taken together affect not only the nutrition 
of plants but also productivity. 

3. The application of manure has a favorable 
effect on the activities of the soil microorgan- 
isms. However, mineral fertilizers in large quan- 
tities have an inhibiting action on the micro- 
flora. The combined application of large quanti- 
ties of mineral fertilizers and manure lessens the 
inhibiting action of the former, but does not re- 
store full microbiological activity. The yields 
continued to increase even with large amounts 
of mineral fertilizers which inhibit the micro- 
organisms. At that time plants are nourished by 
the fertilizer nutrients. 

4, The wide use of mineral fertilizers combined 
with the mobilization by all possible means of 
manure and other local organic fertilizers will 
make it possible to increase the effective fertility 
of sod-podzolic soils and to increase sharply the 
yields. 
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VERTICAL MIGRATION OF NITRATES IN 
CHERNOZEM STAVROPOL PLATEAU 


S. P. Shopkhoyey, Agricultural Institute, Stavropol 


ITRATHS are among the most mobile forms of 
N nitrogen compounds. For this reason the 
study of their dynamics, especially elucidation 
of the regular patterns of their vertical migra- 
tion, is of interest for scientific agricultural pro- 
duction. 

Opinions on nitrate migration differ widely. 
Some investigators say that nitrates migrate 
from the upper horizons to the lower because of 
leaching (6, 5, 8, 4). Further, some of them con- 
sider this phenomenon to be one of the reasons 
why nitrates disappear in the fall and are almost 
completely nonexistent in the spring. Others note 
a rising movement of nitrates with the soil solu- 
tion as a result of capillarity (7), relegating 
leaching to a subordinate role. A third group 
(3, 1) do not believe in the possibility of leaching 
nitrates. 

According to data from many agricultural ex- 
periment stations located in the central regions 
of the European USSR (2) the descent of ni- 
trates, 1f it takes place at all, occurs down to a 
depth of not more than 50 to 60 em.; this de- 
scending migration is noted most frequently in 
the fall, considerably more rarely in spring, and 
very rarely in summer. Thus, according to these 
investigators, the nitrate content decreases in 
proportion to depth and dwindles to negligible 
amounts at depths of 80 to 100 em. For this rea- 
son we did not plan to take samples from any 
greater depths in making observations of the 
dynamics of nitrates in the soil. However, a 
coincidence allowed us to establish the presence 
of nitrates under winter wheat at a depth of 
300 cm. under the surface (Table 1). 

The occurrence of nitrates at such a great 
depth and the fact that this phenomenon had 
been studied so little naturally led us to make 
a special investigation. It was decided to con- 
centrate on soil samples taken from a tract of 
fall-plowed fallow where leaching could take 
place more completely because of better perme- 
ability to water. 

The soils investigated—Central Caucasus 
Foreland leached chernozem—being typical 
for a large part of Stavropol territory, were 


marked by the presence of 7 to 8% humus ; 
by fine texture. The observations were 
from July, 1954, to January, 1955. In the 
of 1953-1954 there was an abundance of 
and relatively low temperatures. In the spri 
summer and fall of 1954 and the winter of 19 
1955, on the other hand, there was a relativ’ 
small amount of precipitation. 

Samples were taken every 20 cm. down t 
depth of 300 cm. In average samples, nitra 
were determined by the Grandval-Lodge meth: 
and moisture by drying to constant weight 
100° to 105° C. The data obtained are shown 
Table 2. 

The table shows that on July 5 there was 
strict pattern for the nitrate content along 1 
soil profile, but the moisture decreased in p. 
portion to depth. In fall and winter the amot 
of nitrates decreased with depth and by Jar 
ary reached only trace amounts at the 40 
60 em. depth with an almost unchanged moistt 
content. From the distribution of nitrates ale 
the soil profile we assume that leaching ste 
considerably earlier than November. 

To clarify the possibility of nitrate leachi 
in summer, they were determined immediat 
before and after a rain (Table 3). 

Table 3 shows that in the soil below the pl 
layer and especially at a depth of 40 to 60 ¢ 
the amount of nitrates and the moisture cont 
were considerably lower than in the plow lay 
Consequently the rain did not affect nitrate a 
moisture distribution along the profile. Th 
for example, in the 40 to 60 cm. horizon on M 
20 the moisture content was 29.51%, while 
June 2, the second day after the rain, it ¥ 
27.15%. The same phenomenon was observed 
August 1 and 9. Thus the data given in Tabl 
show that nitrates are not leached down into 1 
lower horizons in summer. This is fully consi 
ent with the cloud-burst-like character of su 
mer rains mentioned previously and especia 
with the soil texture. It must be assumed tl 
nitrates reach the deep horizons as a result 
leaching during winter and spring. This cone 
sion agrees with the data of S. P. Yarkova | 
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TaBLE 1 
Nitrate content in mg. per kg. of oven-dry soil 


Depth in centimeters 


0-23 | 23-40 | 40-60 | 60-80 |80-100 | 100-120 | 120-140 | 140-160 | 160-180 | 180-200 | 200-220 | 220-240 | 240-260 | 260-280 280-300 


5.81] 6.15) 9.43/13.05)12.00) 10.90} 6.60 | 4.30 | 9.40 


10.89} 10.00) 11.38] 10.02) 10.64) 10.58 


TABLE 2 


asture in percent and NO; in mg. per kg. of 
oven-dry soil 


TABLE 3 
Moisture in percent and NO; in mg. per kg. of 
oven-dry soil 


July 5, Nov. 1, Dec. 22, Jan. 13, 
1954 1954 1954 1955 
NOs Sea NOs ns NOs fet NOs oe 
78.90) 39.61) 70.60) 25.16) 55.20) 24.95) 14.40) 25.91 
48.10} 27.16] 75.00) 28.48} 73.10} 25.61) 12.72) 25.27 
14.30| 25.78) 22.20) 27.16) 8.80) 24.84)traces) 24.70 
14.00) 24.31) 13.40) 26.07) 4.70) 24.62) “* 24.45 
15.40) 23.94) 13.40} 23.00} 5.20) 23.08) ‘“* 24.72 
14.70) 23.55) 15.30) 22.27] 4.80] 28.01] ‘ 24.80 
15.90) 21.94) 5.90] 20.42/traces) 21.65] none | 21.79 
21.70) 21.31) 3.00] 21.93) ‘“‘ 2U70)" 23.36 
17.50} 19.18} 2.70) 22.64) none | 22.80) “ 21.27 
22.20) 20.42} 1.90) 20.50) ‘ 21.40) “ 20.50 
20.80} 19.39) traces} 19.30) ‘‘ 19.070 a 19.06 
18.20) 18.79] * 19.62) “ 19.22) << 19.74 
17.16) 19.85) “‘ 19.65) “* 19,77) ** 19.80 
10.08} 19.15} ‘ 20.29) “ 20.66) ‘ 19.70 
9.15) 19.17) 20.40) ° “ 20.45} ‘ = 


wing that when soil freezes and subsequently 
ws there is a decrease in its moisture capacity 
h an associated increase in the downward 
yvement of moisture. The nitrates, having 
ched the deep horizons in the winter and 
ing, gradually disappear by fall. Since the 
‘moisture remains constant below a depth of 
out 2 meters, it is difficult to accept the migra- 
n of nitrates, either in the upper horizons by 
pillarity or in the lower ones by leaching. Al- 
ugh the possibility of nitrate migration by 
usion is not ruled out, the basic cause of its 
‘appearance, even deep in the soil, is clearly 
a biological nature which can be further de- 
d only by a direct microbiological investiga- 
n. 

n connection with the determination of the 
ses of nitrate disappearance, we cite the re- 
ts of our investigations on the physicochemi- 
| adsorption of the NO, anion. Following the 
ample of A. A. Shmuk (9), but changing his 
sthod somewhat, we took 0.5 kg. of soil which 


| 
| After rain After rain 
Mow June 2, Et, Aug. 9, 
1954 1955 
Site | 
sampled 8 @ 2 2 FD 
a 5 | 3 3 
Oe aoe ieee eae: 
) 6 3S S) oO tC) 
SM za Wa er | ae a | a = 
Fall- 0-23/32.6 |29.88/65.20)/34.78)150.53)/27.78|166.62/30.14 
plowed 23-40/18.50/30.45 71. 46)/32.37 98.81/29 .39|142.91/32.34 
fallow 40-60}10-50/29.51 BENIGN 60.12/25.64) 83.31/26.05 
| 


Note. On March 31, 1954, two days before taking samples, a 
31.4-mm, rain fell during three hours. In 1955 for the entire week 
preceding the collection of soil samples there was protracted 
rainfall. 


TABLE 4 
Nitrate content in mg. per kg. of oven-dry soil 


Initial Nitrate Nitrate . 
t 5 N 
Depth, cm. Cee ee deteeeinea nitrogen 
: t 3 
content kg. of soil ee ae 
0-23 4.46 100.0 86.16 18.3 
23-40 6.12 100.0 81.27 24.85 
40-60 1.60 100.0 43.70 57.90 
60-80 2.15 100.0 63.22 38.93 


had previously been sterilized at 110° to 120°C. 
(to preclude biological absorption durimg the 
experiment), wet it with a solution of Ca(NOs). 
of such a concentration as to add 100 mg. of N 
per kilogram of soil and bring the soil moisture 
to 20%. Actually, 0.2929 g. of Ca(NOs;). was 
added. The soil was carefully mixed and ground 
and a water extract of it was prepared in which 
the nitrates were determined. As an example 
we show some figures from the numerous deter- 
minations of this series of experiments (Table 
4). 

On the basis of the data given in Table 4 we 
can agree that there is physicochemical adsorp- 
tion of the nitrate ion in the deeper part of the 
soil profile. 
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Conclusions 


1. Under the conditions of the Stavropol 
Plateau the loss of nitrates by leaching takes 
place in spring, especially after a cold, snowy 
winter, often making it necessary to use supple- 
mentary fertilizer in early spring on sowings of 
winter wheat. 

2. During summer the leaching of nitrates in 
the fine clay loam chernozem of the Central Cau- 
casus Foreland does not, as a rule, take place. 

3. In the chernozems of the Stavropol Plateau 
the biological absorption of nitrates, even at 
depth of three meters and more, is not excluded. 
Direct microbiological investigations are sug- 
gested for further study. 

4. According to preliminary investigations it 
seems possible that there is physicochemical ad- 
sorption of NO; ions which develops more clearly 
in the soil below the plow layer in the chernozem 
of the Central Caucasus Foreland. 
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HE wilting moisture is defined as the mini- 
| mum amount of moisture in the soil at which 
veversible wilting occurs. This amount depends 
the physicochemical soil properties—princi- 
ally the content of clay particles, humus, and 
sorbed sodium. 

Several direct and indirect methods have been 
iggested. The object of our research has been 
je determination by various methods of the 
ilting moisture of plants by genetic horizons in 
rein and plowed chernozem near the Azoy Sea. 
pecific characteristics of this soil are the con- 
lerable thickness of its humus-containing hori- 
ns (A + B = 107 cm.), its low humus content 
ad the gradual decrease of humus with depth. 
pe chernozem is of uniform texture through- 
it the entire profile and is in the group of coarse 
I with fine clay loams (3). A physicochemical 
saracterization of the chernozem is given in 
able 1. 

The wilting moisture was determined on the 
isis of the maximum hygroscopicity, maximum 
lolecular moisture capacity, microaggregation 
hd wilting of seedlings. 
The maximum hygroscopicity was determined 
the method of A. N. Nikolayev (7) by satu- 
iting a weighed sample of air-dry soil in a desic- 
itor over a saturated solution of K,SO,. The 
»terminations were replicated four times in 
une, 1955 and January, 1957. The deviation 
mong parallel determinations did not exceed 
5%. : 

The maximum molecular moisture capacity 
as determined by the method of A. F. Lebedev 
3): moistened soil samples were subjected to a 
ressure of 100 kg. per em.° for ten minutes in 
hydraulic press (in duplicate). The deviation 
tween parallel determinations did not exceed 
1%. 

The microaggregate analysis was determined 
. twofold replication by the method of N. A. 
achinskiy (3) without chemical pretreatment 
i the soil samples. The wilting moisture was 
uculated by A. M. Vasil’yev’s formula (1): 


5 


w = 0.016A + 0.04B + 0.1C + 0.35D, 


in which the letters A through D represent the 
percentages of particles of the following diam- 
eters: A, 0.5 to 0.25 mm.; B, 0.25 to 0.05 mm.; 
C, 0.05 to 0.005 mm.; and D, less than 0.005 mm. 

The wilting moisture by seedlings of Trebi 
barley and of Melyapopus 69 spring wheat was 
replicated four times in June and September, 
1955, by the method of S. I. Dolgov (2). The 
deviation among parallel determinations did not 
exceed 0.87%. 

The data of Table 2 show that the wilting 
moisture is characterized by values which are 
too high. The basic cause of this is the fine tex- 
ture of the soil. When the texture is uniform the 
wilting moisture depends distinctly on the hu- 
mus content. In the upper humus-containing 
horizons the value of the wilting moisture is con- 
siderably higher than in horizons C and D. Only 
the data produced by Vasil’yev’s method did not 
confirm this functional relationship. 

It may be seen from Table 2 that the devia- 
tions in the values of the wilting moisture of bar- 
ley and spring wheat seedlings are within the 
limits of the method’s accuracy. This confirms 
the opinions of the investigators who consider 
that the wilting moisture is determined by soil 
properties and does not depend on the species 
of plants (or, in some cases, on the genus). 

The wilting moisture of barley and wheat seed- 
lings is somewhat lower (especially in the upper 
part of the soil) than that determined by the 
maximum hygroscopicity and by the maximum 
molecular moisture capacity. The ratio of the 
wilting moisture to the maximum hygroscopicity 
in all the genetic horizons of Azov chernozem 
varies from 1.26 to 1.32. Values of the same 
order were established by Ye. I. Kocherina (4) 
in the upper humus-containing horizons of ordi- 
nary chernozems of the Trans-Volga. 

The factors 2 and 1.5, often used for calculat- 
ing the wilting moisture from the maximum hy- 
groscopicity, are obviously too high. The factor 
of 1.34, used by the Agricultural Meteorological 
Service, is closest to the figure we obtained for 
Azoy chernozem. 

The ratio of the wilting moisture to the maxi- 
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TABLE 1 TABLE 2 
Characterization of Azov chernozem Wilting moisture of plants 
} 3 Percent Accodine| ‘Neett AGS 
3 __ panales Horizon and eel een: micro: 
bo 2) depth, cm. BEE UG moisture | aggregate 
Horizon and] 2. 3) lH eens ay (1.5) capacity | analysis 
Tract depth, cm. gs Se) aa] - i 
Zips | SS jl eaten |) Elon ee ee 
£5 si Ee =) z 2 Ss Virgin Azov chernozem 
sO Ne i elay 
Ai 0-20 17.6 16.1 11.4 
Ai 0-20 | 11.7 | 0.03 | 5.6 | 7.50 | 59 | 38 Az 20-40 18.0 16.1 13.0 
Az 20-40 | 12.0 | 0.20] 4.4 | 8.12 | 60 | 39 B 50-70 17.0 15.2 13.0 
Virgin B 50-70 | 11.3 | 1.71 | 2.6 | 8.40 | 58 | 39 C 120-140} 14.5 13.4 12.6 
C 120-140] 9.6 | 6.64| 0.5 | 8.64] 60/36 D 180-200] 13.7 12.6 7 
{| D 180-200) 9.1 | 5.06 | 0.4 | 8.56 | 58 | 37 
Ap 0-20 | 11.0] 0.49 | 4.5 | 7.94 | 50 | 38 Old Azov chernozem 
As 20-40 | 11.5 | 1.03 | 3.6 | 8.17 | 61 | 39 
Old culti- B 60-80 | 11.2 | 3.49 | 2.2 | 8.44 | 58 | 40 ae ey ie i. ei 
vated land || C 120-140) 9.4 | 6.35 | 0.5 | 8.67 | 56 | 36 RB 60-80 16.8 ed 25 
D 160-180] 8.9 | 6.20 | 0.4 | 8.76 | 57 | 36 : : : 
C 120-140 14.1 13.5 12.6 
D_ 160-180 13.4 Pee ile 7 


mum molecular moisture capacity along the pro- 
file of the Azoy chernozem varies from 0.92 to 
0.95. This confirms Lebedev’s idea that the max- 
imum molecular moisture capacity is very close 
to the wilting moisture. 

The wilting moisture calculated from the mi- 
croaggregate analysis in the lower soil horizons 
corresponds to the actual values calculated from 
the wilting of seedlings, but in the humus-con- 
taining horizons it is 1.5 to 3.5% too low. 

To what degree does the wilting moisture de- 
termined in the laboratory by direct and in- 
direct methods correspond to the wilting mois- 
ture of plants under field conditions? Some idea 
of this is given by a study of the soil moisture 
dynamics during the different stages of crop 


growth on the fields of the Rostov variety tn 
tract during the 1953 drought. Table 3 gives t 
results of observations at three different perio‘ 
showing that the spring soil moisture storage! 
quickly used up by transpiration and by ey: 

ration from the surface. By the time of = 
formation by grains and flowering of sunflowe 
the moisture content of the top 150 cm. had 
creased to the wilting moisture. Regardless” 
this, the moisture loss continued and a fair 
good crop was produced. The following produ 
tion rates in centners per hectare were show 
winter wheat, 30.4; spring wheat, 11.2; barle 
19.9; and sunflower, 16.6. Beginning with t 
spiking stage, crop formation proceeded wi 


TABLE 3 j 

Moisture content of Azov chernozem under crops as a percentage of oven-dry soil (data of A. Kudelin 
Spring wheat Barley Winter wheat Sunflower 

Depth, cm 

Syed leat Fully Sowed ll Saiki Fully : Spiki Fully % Flower- Full 

April 10 | June 10 | 4°, | April 10| June 11 | ,8P@, | April 10] sfay a5 | ,Hipe,, [April 10] ing, | rine 

0-5 Mchave |i) walisyat! 4.8 | 16.6 14.2 ryan || ass 5) 8.6 | 15.9 8.2 | 11.4 5. 

5-10 22.4 | 11.4 16: | 25.9 Me | AN OPP 13.0 | 14.8 | 22.9 | dle Sa 

15-20 25.1 5 Oe eee o 15.8 | 18.2.) 24.8 | 14.6 |) 11.4) 26.1 14.8 11.4 

25-30 2A 2 ARS tl .2 | 25.8 |) 14454) 12.8 | 25.0 | 1325 | 10.5 25.2) |S 16200 eee 

40-45 23.0 || LOSS |) LET wy 24 14.1 13.0.) 22.4.1) 14.5 || 10.7 | 24.2 | 15.6) ee 

55-60 PIKE |) UES |) WY) Be ABS | PAG he PDS It PesOM lee ear 15.1 13. 

75-80 20.1 2) 1 SLOSS SOR Sie eet 11.0 | 20.8 | 14.9 10.7 | 22.0 | 15.4 | 138 

95-100 | 18.1 12.6 MAb) SAE al) 112 ie ZOOM alas 9.50 2a 14.6 | 12) 

120-125 | 17.4 | 14.0 | 11.0 13-55) D465) Wi 4o WSeSe ll ees teat 14.8 | 11. 

145-150 | 15.5 | 14.4 | 13.4 1) 17-6 SCO 2a Wie: a Ona a) lil Wand 15.1 119 

—— 

Average | 20.7 12.4 | 10.9 | 21.6 140) 3) U3 2088") at 1107 | 2005") 42 ee 


support of current rainfall and of the residual 
isture in the top 1.5 meters of the soil. It can 
assumed that deeper moisture is not of sub- 
tial importance for field crops (barley, sun- 
yer and spring and winter wheat) because, 
prding to Lebedey’s observations (6), the 
|sture content under crops of Azov chernozem 
bw 150 cm. remains almost unchanged during 
entire growing period. 

he data of Tables 2 and 3 show that when 
plants are fully mature, the field moisture of 
j top 1.5 meters of soil was considerably be- 
| the wilting moisture as determined by labo- 
pry methods. If the loss of water in the top 
to 50 em. of the soil takes place as a result 
ise by plants and of evaporation from the 
| surface, a decrease in the soil moisture below 
} must be related only to assimilation of the 
sture by the plant root systems. 

Jomparing the data on the wilting moisture as 
prmined by the biological method on the one 
d and the soil moisture on the other, it can 
stated that plants under field conditions can 
milate soil moisture unavailable to young 
ings. The suction of plant root systems in- 
ses in proportion to their growth and de- 
ypment. This is confirmed by the data from 
experiments (8) showing that the wilting 
sture decreases with increasing age of the 
ng wheat. 

Minder field conditions plant root systems show 


iter suction, they can make better use of the 
moisture than can seedlings in small pots. 


Conclusions ’ 


. The ratio of the wilting moisture deter- 
ed by the use of seedlings to the maximum 
roscopicity varies along the profile of Azov 
mnozem from 1.26 to 1.32. Therefore, when 
‘ulating the wilting moisture on the basis of 
maximum hygroscopicity, a factor not less 
1.3 must be used. 

' The value of the maximum molecular mois- 
- capacity by Lebedev’s method is close to 
_ of the wilting moisture determined by the 
of seedlings. 

The wilting moisture determined by Vasil’- 


penetration of the soil but, because of 
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yev’s method (analysis of the microaggregates) 
agrees with the moisture percentage of the soil 
under field conditions when the crops are ripen- 
ing. 

4. The amount of moisture in Azov cherno- 
zems under ripening crops is somewhat lower 
than the wilting moisture determined by the use 
of seedlings. 

5. Under field conditions during the period 
when the barley, spring and winter wheat and 
sunflower are ripening, the moisture in the top 
150 em. layer of Azov chernozem is 1 to 6% less 
than the amount corresponding to the wilting 
moisture determined directly and indirectly by 
laboratory methods. Thus, it is possible to use 
otherwise unavailable water. 


Received June 26, 1957 
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METHODS OF DETERMINING TOTAL SOIL WATER CONT 
WITH VARIOUS KINDS OF TILLAGE’ 


I. P. I’yin, Soil Tillage Laboratory, All-Union Scientific Research Institute of Fertil 


and Agronomy 


He soil moisture and water content are 

mutually related and mutually determined 
quantities. Although we determine the soil mois- 
ture with fair accuracy as a percentage of the 
weight of the dry soil, we do not determine the 
water content accurately with various methods 
of tillage. This results in a discrepancy between 
a change in the soil moisture and data on its 
water content. This can be illustrated with 
some results of a study of the effect of depth 
and time of soil tillage on its water relations 
in Kustanay region in 1955 and 1956. 

The experimental part of the work took place 
on the Kustanay State Grain Farm, Kustanay 
region, on ordinary thin fine clay loam cherno- 
zem. Some characteristics of the hydrological 
soil properties are given in Table 1. 

In the spring of 1955 subsoiling was carried 
out on one of the fallow plots of the experiment 
to a depth of 33 to 35 em. with a P5-35Ts plow 
that had working parts set up for subsoiling. 
In the fall of the same year the subsoiled plot 
was fallowed a second time. On another plot 
only surface tillage was carried out during all 
of 1955. In 1956 spring wheat was sowed on 
the fallow. Table 2 shows the dynamics of the 
soil moisture (as a percent of the weight of the 
dry soil) and the water content in the top 
half-meter. 

During the year in fallow the soil moisture 
was not more significantly increased by subsoil- 
ing than by surface tillage. The difference 
(23.9 — 214% = 2.5 + 2.1%) is not statisti- 
cally significant. By the spring of 1956 the 
moisture of the subsoiled plot, which absorbed 
snowmelt better, increased sharply. During the 
entire 1956 growing season the soil moisture of 
the subsoiled plot under plants was higher than 
that of the surface tilled soil, since the plants 
were provided with water from abundant sum- 
mer rains. But the position changed when the 


*This work was carried out under the direction 
of V.I. Shtatov, M.A. (Agr.). 


total water content of the different experir 
treatments was calculated by the conventi 
method. Spring subsoiling had definitely 
creased the water content of the top | 
meter layer during the spring and summ 
1955. In April, 1956, the water content of 
top half-meter layer of the subsoiled plot 
higher than that of the surface-tilled plot, 
the difference between the values of the 
content with subsoiling and surface tillage’ 
considerably less than the difference bety 
the soil moisture percentages in these ex] 
ment treatments. By harvest time the w: 
content of the top half-meter layer of the ¢ 
soiled plot under plants proved to be é 
lower than in that of the surface-tilled plo 

Thus, with subsoiling the soil moisture 
higher during the entire growing period, w 
with fallow it remained the same as the 
moisture of the surface-tilled soil. However, 
cept in early spring the water content pro 
to be lower with surface tillage. On the b 
of these data it is difficult to decide whet 
subsoiling acts favorably or unfavorably 
soil water relations. Because the data are ¢ 
tradictory we must doubt the correctness 
the method that produced them. Some of 
results of the work on this question, and 
conclusions drawn from them, are given bel 

In each modification of the experiment 
soil moisture is usually determined at each 
em. depth and then an average value is cal 
lated for the entire depth examined. Obser 
tions on soil moisture are made at definite fi 
intervals during the growing season or dut 
the whole frost-free part of the year. In so 
cases they are even made in winter. But me 
urements of only one dynamic factor of — 
soil moisture cannot give an adequate cone 
of the water relations. To characterize soil 1 
ter relations, the dynamics of the water cont 
must be studied. If we know the soil moist 
and the bulk density at every 10 cm. inter 
of the depth examined, we can calculate 


| 
; 
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TaBLe I 
Agrohydrological properties of a soil 


Maximum Permanent Field 

oil depth, cm hygro- wilting moisture 

} scopicity, %| moisture, % | capacity, % 

0-10 10.8 13.5 37.8 
10-20 10.8 13.5 36.5 
20-30 10 eb 31.4 
30-40 11.0 13.5 29.7 
40-50 10.6 13.2 28.9 
rage 0-50 10.8 13.4 32.9 


jivalent surface depth of the water in this 
ith by the formula 


G—=w. xX d, 


: (1) 


which a is the water content in this 10 em. 


ith as the dry weight percentage and d is 
) bulk density of the soil in g./em’. By 
uling the water contents of all the 10 cm. 
ths, we obtain the water content of the en- 
soil depth analyzed. This formula makes 
possible to determine fairly accurately the 
‘er content in the soil depth under examina- 
, and gives correct results also in cases 
pre comparisons are made of two or more 
utments of an experiment which differ little 
imes and depths of tillage—that is, with 
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soil of about the same bulk density tilled to the 
same depth. However, if we compare treat- 
ments of an experiment which differ widely 
with respect to bulk density, this conventional 
method does not assure correct, comparable 
results. 

The greater the depth of tillage of a dense 
soil, the more it will rise or “fluff up.’ The 
amount the soil has fluffed up shows by how 
many centimeters an interval of compact soil 
has increased as a result of tillage (or of natu- 
ral factors such as freezing and swelling). If 
two or more treatments of an experiment are 
compared, the amount of fluffing will show 
how many centimeters the soil of one plot has 
fluffed up more than that of another plot. 

The amount of -fluffing, or rise, of the soil 
may be determined by various methods: a) by 
the increase in thickness of the plow layer 
(direct measurement, use of the profilograph 
or repeated levelling) ; by a change in the bulk 
density of the plow layer. The latter method is 
more convenient. If precise data are to be ob- 
tained on the soil’s water content, the conven- 
tional method requires that the determination 
of soil moisture be accompanied by determina- 
tion of its bulk density. We can calculate how 
much the soil has fluffed up according to these 
values of the bulk density. All the calculations 


TABLE 2 
Dynamics of soil moisture and water content as a function of tillage depth 


H Determination date 
ay pedo th, Oct. 30, 1955 _, Apr. 27, 1956 May 20, 1956 Sept. 9, 1956 
% mm. % mm. % mm. % mm 
soiling 0-10 30.9 28 42.1 38 Slane 28 Drie 19 
10-20 26.6 24 37.4 37 32.4 32 UGE) 17 
} 20-30 21.4 21 36.1 36 29.2 29 7/033 19 
30-40 20.7 20 36.0 40 28.0 31 16.2 18 
40-50 20.1 24 41.3 50 24.2 29 16.6 23 
Average 
0-50 23.9 + 1.3] 23.4 | 38.7 + 1.9] 40.2 | 29.0 + 0.3] 29.8 | 18.3 + 1.1] 19.2 
Total 
0-50 — 117 — 201 — 149 — 96 
face till- 0-10 28.7 29 30.7 31 28.1 28 PB oe 19 
ze 10-20 24.7 32 28.2 34 26.3 32 16.3 20 
20-30 20.0 26 26.6 35 24.4 32 15.4 22 
30-40 17.8 27 24.2 34 23.2 32 Load! 21 
40-50 15.6 23 22.8 34 22.1 33 14.9 22 
Average | 
0-50 21.4 + 1.6) 27.4 | 26.5 + 1.6) 33.6 | 24.8 + 1.4) 31.4 | 17.0 + 0.2) 20.8 
Total 
0-50 —_— 137 _ 168 — 157 —_ 104 
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TABLE 3 
Bulk density of a soil before and after tillage 


Bulk density, gm. per cm.? 


1 ee LBL SUIS) 


Soil depth, cm. 


Before tillage After tillage 
0-10 0.7 + 0.00 0.6 + 0.01 
10-20 1.1 + 0.038 0.7 + 0.13 
20-30 1.5 = 0.04 0.7 + 0.11 
30-40 1.5 + 0.03 0.9 + 0.02 
40-50 1.5 + 0.03 1.0 + 0.00 
Average 
0-50 1.26 + 0.01 0.78 + 0.04 
50-60 = 1.5 + 0.02 


are based on the fact that when the soil be- 
comes any looser or more compact its particles 
and aggregates only undergo vertical displace- 
ment: the weight of the soil in the compact 
layer equals the weight of the soil in the new 
loosened layer, having a thickness which is 
greater by the amount which it has fluffed up. 

With tillage, the bulk density of the depth 
being examined decreases while its thickness 
increases proportionally: the product of the 
final thickness times the bulk density of the 
soil after tillage remains equal to the product 
of the original thickness times the bulk density 
of the soil before tillage. Thus, the product of 
the thickness of the original depth to be tilled 
times the bulk density of this depth (before 
tillage) equals the product of the thickness of 
the loosened depth of tilled soil times its bulk 
density. This general rule may be shortened by 
saying that the product of the bulk density of 
any depth times the thickness of this depth is 
a constant. If we designate the original thick- 
ness of the depth as h, and the bulk density 
of this depth as d,, their final values (after 
tillage) beimg A, and d,, then 


hy 
= 


hy X dh = he X de ga 


—an inverse proportion. 
Using this formula it is possible to determine 
the amount of the rise, B. 


he X de 
dy 


hy = (3) 


and 
B=h—h (4) 


By substituting for h, of equation (4) its ex- 


pression in equation (3), we obtain the new) 
lationship: 


ear _ kX dr 
B= hy i 
_ he X di — he X dp _ Ieldi — ae) 
dy dy } 


We will show the use of these formulas i 
concrete example. On October 6, 1956 a de} 
mination was made of the bulk density of | 
soil at each 10 em. interval of the top bh 
meter of soil on a tract plowed in the fall 
1955. On the following day subsoiling was ¢ 
ried out to a depth of 33 to 35 em. and 
October 8 the bulk density of the soil was | 
termined again to a depth of 60 cm. The de 
rounded off to the nearest tenth, are sho 
in Table 3. 

These data make it possible to calculate F 
a volume of 0.5 m.?’ (50 cm. deep) contair 
630 kg. of soil calculated on an oven-dry be 
before subsoiling, while after subsoiling © 
amount was 390 kg.—that is, 240 kg. less. ] 
fore subsoiling the bulk density of the soil 
the 0 to 10 cm. interval was 0.7 g. per em 
while after subsoiling it decreased to 0.6 
per cm.*. In this case d, = 0.7 g. per cm 
d, = 0.6 & per em’; and 7, = 10 cma 
thickness of the original depth of compact s 
(h,) which was converted into a 10 em. dey 
of fluffy soil can be determined - using eql 
tion (3): 


he X do 10 X 0.6 
hy — = 


dy 0.7 


Thus a layer of loose soil 10 cm. deep ¥ 
formed by tillage of a compact layer 8.6 ¢ 
deep. The amount of the rise in this case 
10 — 8.6 = 14 cm. This figure can be det 
mined much more simply by equation (5): 


_ hed — de) 


= 8.6 cm. 
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Using the very simple equations (2), ( 
and (5) has limitations. Calculations by thi 
equations give reliable results only when acti 
values of the bulk density of the original a 
tilled depths are used, as determined in 1 
field. To use these equations for determini 
the total amount of rise of the soil with de 
tillage one must first determine by separate ¢ 


7 from which interval of compact soil 
4h 10 cm. interval of loose soil originated. 

Using equations (2) and (8) and comparing 
} individual intervals of compact soil with 
| corresponding loose intervals, we can cal- 
fate that the mterval of compact soil from 
o 10 em. deep was converted into an inter- 
of loose soil 0 to 11 cm. deep; similarly, 
compact interval from 10 to 20 cm. was 
inverted into a loose interval from 11 to 27 
.; the compact interval from 20 to 30 cm. 
the loose interval from 27 to 44 cm.; and 
! compact interval from 30 to 34 cm. into 
loose interval from 44 to 50 em. Adding 
yalues obtained we see that a 34 cm. layer 
compact soil has been converted into a loose 
ser from 0 to 50 cm. deep. The amount of 
| rise is 50 — 34 = 16 cm. This method of 
fermining the rise (by the change in bulk 
ity) is extremely convincing and gives 
apletely reliable results for any part of the 
er investigated. Its basic drawback is the 
ve amount of time required for calculations. 
n determining the moisture and bulk density 
ithe original 0 to 50 cm. layer of soil before 
age, the layer is analyzed throughout its 
ire depth. As a result of subsoiling, this 
f-meter layer of soil was increased in thick- 
is by the amount of the rise—in this case, 
em.—and was converted into a layer 66 cm. 
~p. With the ordinary methods of sampling 
for determining soil moisture after subsoil- 
as deep as 50 cem., the lower interval of this 
er, between 50 and 66 cm., is not subjected 
analysis. Before tillage this interval lay be- 
sen 34 and 50 cm —that is, in the lower 
rt of the originally analyzed layer of com- 
*t soil—while after deep tillage it “moved 
»’ so to speak, to the 50 to 66 cm. depth, 
ing the limits of the half-meter analyzed 
‘er and coming to rest below it. For this rea- 
the moisture contained in this interval is 
; considered. The values of the depth, mois- 
ye and bulk density of this soil interval and 
water content are very important for the 
parative evaluation of the moisture storage 
‘the soil with various tillage methods. It will 
referred to below as “layer B.” Thus, layer 
is the compact layer which has not yet been 
jected to tillage; its thickness is equal to 
‘amount of the rise in the soil and it is lo- 
ed before tillage in the lower part of the 
yzed layer of compact soil, while after till- 
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age it is located below the analyzed layer of 
loose soil. 

The amount of the rise in the soil is deter- 
mined considerably more easily by using the 
equation 


Zdz — Zd3 


hy = 10hs + Saree), 


(6) 

Here h, is the thickness in centimeters of the 
compact soil layer which takes part in the for- 
mation of the loose layer; hs is the number of 
full 10 em. intervals in the compact layer; Sd. 
is the total of the values of the bulk densities 
of all the 10 cm. intervals of the loose layer 
in g. per cm.’; Sd; is the total of the values of 
the bulk densities of all the 10 cm. intervals 
of the compact soil layer hs in g. per cm.*; d, 
is the value of the bulk density in g. per em. 
of the compact soil in the layer h, (or the layer 
10h,). 

Further, by equation (4) we find that B = 
h, — h,, that is, the amount of the rise equals 
the difference between the values of the thick- 
nesses of the loose and compact soil layers. 

By placing appropriate values from Table 3 
in equations (6) and (4), h; = 3 decimeters, 
34; = 3.9, Sd. oro anda, = 1.5 gy per ém.. 
Making the corresponding calculations we ob- 
tain 


B = 50 — 34 = 16 cm, 


—that is, the same values obtained before. 

Equations (6) and (4) are of general appli- 
cation and correct for all conditions; their dis- 
advantage is that the calculations are somewhat 
complex. In some cases we can use simpler equa- 
tions involving only three values of bulk den- 
sity. If we use A to designate the depth of the 
newly formed layer of loose soil, d, for the aver- 
age bulk density of the half-meter layer of com- 
pact soil, d, for the corresponding value of loose 
soil and d; for the bulk density of the compact 
soil of layer B, then 


_ h(d, — ds) 
ds : 


According to Table 3, h = 50 cm. and d, = 
1.26, d. = 0.78 and d; = 1.5 g. per cm.*. Sub- 
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TABLE 4 


Soil moisture, bulk density and water content before 
and after tillage 


Before tillage, Oct. 6,; After tillage, Oct. 8, 
1956 1956 
: Bulk 
SPIRE SC Moi ae Water | yrois- dee Water 
eee sity, | con- ange sity, | con- 
% 2 gm. | tent 7 | gm. tent. 
e per | mm S per | mm. 
cm. cm.3 
0-10 27.3) 0.7 19 | 24.3) 0.6 15 
10-20 33.0) 1.1 36 | 28.7; 0.7 | 20 
20-30 26.6) 1:5 |) 40) 380.3) O27 21 
30-40 24.3) 1.5 | 36 | 26.8) 0.9 | 24 
40-50 23.8} 1.5 | 36 | 24.6) 1.0] 25 
Average and 
total 0-50 27.0) 1.26} 167 | 26.9} 0.78) 105 
50-60 — | — | — | 24.7) 1.5 | 37 
60-66 — | — | — | 24.7) 1.5 | 22 
Average and 
total 50-66 — | — | — | 24.7) 1.5 | 59 
Average and 
total 0-66 — | — | — | 26.44 — | 164 


stituting these values in equation (7) we obtain 


50(1.26 — 0.78) 
1.5 


Equation (7) is very convenient to use when 
the amount of the rise does not exceed 10 cm. 
In this case d; is assumed to be equal to the 
bulk density of the bottom 10 em. depth of the 
compact soil analyzed (in our case, the 40 to 
50 em. depth). Equation (7) also gives correct 
results in cases where the amount of the rise 
is between 10 and 20 cm., but here the bulk 
densities of the two lowest 10 em. depths (in 
our case, 30 to 40 and 40 to 50 em.) are equal 
to each other. If the bulk density in these depths 
is not the same but the rise is more than 10 
em., we should use equation (6), which gives 
the correct results under any conditions. Gen- 
eralizing the above statement on the conditions 
for using equation (7), we can say that it gives 
completely accurate results when the bulk den- 
sity values are equal throughout layer B. 

Equations (6) and (7) are derived by com- 
paring the weights of columns of loose and 
compact soil haying the same cross-sectional 
area. The basis for this is the axiom that the 
column of compact soil weighs the same as the 
column of loose soil formed from it by tillage. 

Under the conditions of our experiment, 
whenever the thickness of the loose layer does 
not exceed 50 cm. and the bulk density of the 


b= = 16 cm. 
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compact soil in the lower depth of the 50 
layer is usually 1.5 g. per cm, equation 
can be considerably simplified. In this ¢ 
h = 50 em., d; = 1.5 g. per em? and 


50(d: — dz) 


ae 15 


= 33.3(di — dz). 


If the soil becomes more compact (when 
final bulk density exceeds the original), inst 
of the amount of rise we must speak of — 
amount of soil settling. Everything previo 
stated about the amount of rise of the soil 
plies equally to the amount of its settling. 
determine the amount of settling we can | 
all the equations given above. * 

Thus, the difference between deeply ¢ 
surface tilled soil develops primarily in © 
difference in the amount of rise; further, + 
deeper the tillage, the greater the difference: 
the amount of rise, The conventional methe 
of determining soil water content do not ta 
into account the amount of rise. This leads) 
errors. The extent of these errors will be e 
onstrated below. 

Table 4 gives data on the moisture, bulk ae 
sity and soil water content at the same lo¢ 
tion on a plot before and after subsoiling 
a depth of 33 to 35 em. Soil samples for mo 
ture determinations were replicated three tim 

The lines listed as “average and total” pi 
vide average data on the moisture and bt 
density and total water content of this lay 
As Table 4 shows, the average soil moistv 
in the 0 to 50 cm. depth did not change for t 
days (27.0 to 26.9%), while the water conte 
in this depth decreased by 62 mm. (167 — 1 

m.) after tillagze—a decrease of 37%! By t 
generally accepted methods of determining s 
water content these losses would not be ce 
sidered. But by including the water contain 
in depth B (50 to 66 cm.), this inconsistency 
done away with. The amount of the rise here 
16 cm. But if we calculate the average s 
moisture and water content of the 0 to 66 ¢ 
depth (thus including depth B) on October 
the average soil moisture is seen to decrease 
0.6% (27.0 — 26.4%), while the water conte 
decreased by a total of 3 mm. (167 — 164 mm 
We can say that in this case the soil moistt 
and water content have remained practiea 
unchanged. The “lost” 59 mm. (164 — 105 
neither evaporated from the soil of the | 


— 
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zed nor passed down to deeper layers, but 
uned right where it was before. However, 
s not considered in determining the water 
nt by the conventional method, which does 
include the amount of rise in the soil. The 
r contents before and after tillage are de- 
ined in the same half-meter depths, al- 
gh the loose half-meter depth contains 
a part of the soil which was located in the 
act half-meter depth before tillage. 

might be assumed that by the time the 
‘r has begun to be used by the plants sown 
allow the next year, the soil will have 
ed‘ to such an extent that the amount of 
will be.much smaller, the water content of 
h B will be insignificant and it would serve 
iseful purpose to determine it. The data 
n in Tables 5, 6 and 7 refute this assump- 


ble 5 gives the result of observations on 
moisture, bulk density and water content 
he soil in the spring of 1956 (under the 
crop after the fallow period). One experi- 
tal plot’ was surface tilled in the fall of 
, while on another subsoiling was carried 
twice, in the spring and fall of 1955, to a 
h of 33 to 35 cm. 

e water content of the top 50 em. depth 
e surface tilled soil was 168 mm., that in 
deeply tilled soil 201 mm. The soil rose 8 
more on the deeply tilled plot than on 
surface tilled plot. The average moisture of 
loose soil in the 0 to 58 cm. depth was 


TABLE 5 F 


moisture, bulk density and water content, 
April 27, 1956 
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With surface tillage With subsoiling 
Maenth Palle ar fees fed 
epth, cm. a e t A 2 t 
: ee sity, con Me sity, con 
7 ae ee 
cm.? cm.3 
0-10 30.7) 1.0} 381) 42.110.9 | 388 
10-20 28.2) 1.2 | 34 | 37.4/ 1.0 37 
20-30 26.6) 1.3 | 35 | 36.1) 1.0 | 36 
30-40 24.2} 1.4 | 34 | 36.0) 1.1 40 
40-50 22.8) 1.5 34 | 41.3} 1.2 50 
50-58 — | — | — | 29.5) 1.5 | 35 
50-60 — | — | — | 29.5) 1.5 | 44 
rage and 
tal 0-50 26.5) 1.28) 168 | 38.7} 1.04) 201 
tage and 
‘tal 0-58 — | — | — | 37.41 — | 236 


TABLE 6 
Soil moisture, bulk density and water content, 
Sept. 9, 1956 
With surface tillage With subsoiling 
Soil depth, cm Pub WwW Pull W. 
, . . - t . - t 
Mois-| sity, | con- |Mois- | Sity, | con- 
% * | gm. } tent, of’ | gm. tent, 
a per | mm. oo per | mm. 
cm.3 cm, 

0-10 23.3] 0.8 19 | 23.7) 0.8 19 
10-20 16.3) 1.2 207) Lest 120 Alye 
20-30 15.4) 1.4 22) 17.3) Vo 19 
30-40 15.1] 1.4 Zt) 1652) del 18 
40-50 14.9) 1.5 22 | 16.6] 1.4 23 
50-56 == — — | 15.7) 1.5 14 
50-60 = a= — | 15.7) 1.5 24 

Average and 
total 0-50 17.0) 1.26) 104 | 18.3] 1.08} 96 
Average and 
total 0-56 = = — | 18.0) — | 110 
TABLE 7 


Relation between soil moisture and water content 


Spring, 1956 Fall, 1956 
se [8 oh i 
a 18 qa |2 
vee Siio iso slo |3o 
Soil tillage | >> ae eal ose eS 2 Remarks 
G19 loe5| Slo lwes 
BLP soiree WS) ko Gs 
BiH eed wo Sun 
@ |SE8 so] @ |e 8g so 
olsHlacos| os [Re AlSce 
Se |x = |= |x 
1 2 3 4 C} 6 7 8 


Surface 26.5) 168) 6.3 17.0) 104) 6.1 _ 
Without consider- 
ing amount of rise 
Subsorting |37.4/ 236] 6.3 |18.0} 110} 6.1 Amount of rise 
considered 


37.4%, while the water content was 236 mm. 
(201 + 85 mm.). Thus, application of the con- 
ventional method of determining the water 
content in the soil did not make it possible to 
consider the 35 mm. of water (15% of the total 
water content of the 0 to 50 em. depth of soil). 

Table 6 shows similar data obtained in this 
experiment in the fall of 1956 at the time of 
the harvest. 

The water content of the 0 to 50 cm. depth 
of compact soil was 104 mm., that in the loose 
soil 96 mm. The amount of the rise in the soil 
was 6 em. The water content of depth B, not 
taken into consideration by the conventional 
method, was 14 mm. (13% of the total water 
content). 

Table 7 summarizes the data of both the pre- 
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ceding tables and also gives, for loose soil, the 
values used and actually obtained (388.7 and 
13.3%; 201 and 96 mm.) and the values ob- 
tained by recalculating when the amount of the 
rise in the soil is taken into account (37.4 and 
18%; 236 and 110 mm.). 

The ratio of the water content of the ana- 
lyzed soil depth to its moisture content (columns 
4 and 7 of Table 7) shows how many millimeters 
of water are necessary for one percent of aver- 
age soil moisture of this depth. A correct 
method for determining these values should 
provide equal ratios of them with any form of 
soil tillage, since they are mutually related and 
each determines the other. If we compare the 
data actually obtained for loose soil (second 
line, without consideration of the amount of 
rise), then for one percent moisture a 5.2 mm. 
water content is necessary but in the remaining 
two cases this value is the same: it is independ- 
ent of the tillage and amounts to 6.1 to 6.3 mm. 
These figures show once more that the water 
content cannot be determined in loose soil 
without considering the amount of its rise. 

Let us compare the values of the soil mois- 
ture and water content as determined by the 
conventional method without consideration of 
the amount of rise (the first and second lines 
of Table 7). Subsoiling raised moisture content 
in spring 12.2% more than did surface tillage; 
this amounts to 46% of the moisture content 
of compact soil; while the water content in- 
creased by a total of 33 mm., amounting to a 
total of 20% of the water content in the top 
half-meter depth of compact soil. This shows 
that as a result of subsoiling, the soil moisture 
increased by two and a fraction times as much 
as did the water content of the same layer. An 
even more disturbing picture is provided by the 
corresponding values obtained in the fall of 
1956. The soil moisture proved to be 1.8% 
higher and the water content 8 mm. lower than 
with surface tillage. Thus, on the basis of the 
conventional method we would have been 
obliged to conclude that the soil moisture and 
the water content are unrelated quantities which 
can change not only at different rates, but in 
opposite directions in the same field. 

If we compare the values for soil moisture 
and water content in the top half-meter depth 
of compact soil with those of loose soil as found 
by determinations which take into account the 
amount of soil rise (lines 1 and 3 of Table 7), 
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we find complete consistency. In spring 
deeply tilled soil was 10.9% moister tha 
surface tilled soil which amounts to 41.19 
the moisture of the compact soil. The 
content of the loose soil was 68 mm. or 
higher than in the compact soil. In the fall 
corresponding values were 1% for moisture’ 
6 mm. for the water content, that is, 5.9 
5.8% of the values of the moisture and 
content of the compact soil. 

For determining the water content of the 
on tracts tilled to different depths or at 
ferent times with consequent abrupt differ 
in the bulk density of the soil, the conventil 
method does not give correct, comparable 
sults. This method enables us to determine 
ter content in identical volumes of soils ti 
to different depths, but the different quant) 
of soil by weight in these identical volumes - 
to the misunderstandings demonstrated ab 
The suggested refinement of this method mi 
it possible to calculate the water content 
rectly on the basis of quantities of soil wl 
are uniform by weight, and not by volume. ' 
data obtained on the water content are as 
liable as the parameters on which they 
based—the moisture and bulk density. 

Determining the water content of the soil 
the refined method may be greatly simpli 
This results in only a negligible decrease in 
accuracy of the data obtained (averaged for 
layer analyzed). With this simplification 
bulk density of the depth to be analyzed 1 
be determined only once (before starting 
experiment). Otherwise systematic observat: 
need only be made on the changes in soil m 
ture in different treatments of the experim 
The water content of each 10 em, depth is 
termined, just as in the conventional met! 
by multiplying the moisture values by the | 
density. The difference consists in the fact’ 
the soil moisture determined at any partie 
time is multiplied each time by the same ¥: 
of the bulk density determined before tillage 

To clarify this idea graphically see Fig. 1. 
column on the left represents the bulk den 
of the compact soil before tillage. The mit 
column shows the composition of the same 
just after tillage. The column on the right sh 
the same soil after it has settled for some ti 
To determine the water content in the top I 
meter layer of loose soil, its moisture conten 
the 0 to 10 em. depth is multiplied by the } 


nsity of the 0 to 10 em. depth of the compact 
il, the moisture content of the 10 to 20 em. 
pth of the loose soil is multiplied by the bulk 
nsity of the 0 to 10 em. depth of the compact 
il, and so forth. The moisture content of the 
ose soil in each of the 20 to 80, 30 to 40 and 
to 50 em. depths is multiplied by the respec- 
ve bulk densities of the 20 to 30, 30 to 40 and 
to 50 em. depths of the compact soil. Adding 
e values obtained for the water content of 
ch 10 cm. depth we obtain the water content 
the entire depth of soil which has been tilled 
1 top and which is equal in weight to the top 
lf-meter layer of compact soil. The water con- 
nt is calculated in the same way during the 
llowing period when the soil has settled some- 
hat and the amount of its rise has decreased 
ight-hand column). 

With such a simplified determination of water 
ntent, moisture content is determined each 
e in depths of soil which are the same depth 
m the surface without taking the amount of 
il rise into account. The water content, on the 
her hand, is always automatically calculated 
r equal amounts of soil by weight, since the 
anges in bulk density with different degrees of 
il rise are not considered here. 

It must be emphasized that the simplified cal- 
ation of the soil water content can be carried 
t only with large-scale field observations of 
e soil water relations. More detailed investiga- 
ns of water relations must of necessity include 
stematic determination of bulk density and 
leulation of the amounts of its rise. Actually, 
e simplified method described here is used in 
Agricultural Meteorological Service for the 
leulation of the water content. The bulk den- 
iy at each hydrometeorological station is de- 
mined only once—that is, at the same time as 
er agricultural hydrological constants. 

All the considerations given above were to ex- 
ine a method of determining the water con- 
nt as related to different degrees of soil rise 
th various tillage methods. Determining soil 
jisture by depths and taking into account the 
ount of rise, may be of some importance in 
ividual cases. Thus, for example, Table 4 
ws that the average moisture content of the 
half-meter depth of loose soil was 26.9%, 
ule in the 0 to 66 em. depth (which takes into 
ount the amount of rise) it was 26.4%. The 
erence was greater in Table 5, where it was 
3%, but in Table 6 the difference was negli- 
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Fie. 1—Diagram of sections of compact and 
loose soil. a—Before tillage; b—immediately after 
subsoiling 33 to 85 cm. deep; c—after some set- 
tling. 

Cireled figures give the values of bulk density 
for each 10 em. soil depth. 


gible (0.3%). The following general rule thus 
emerges: if the soil moisture in the lower part 
of the investigated depth differs markedly from 
the average for the entire depth, the difference 
may reach significant proportions. But if the soil 
moisture is more or less the same throughout the 
depth analyzed, the difference is negligible. In 
the overwhelming majority of cases the amount 
of this difference is within the limits of accuracy 
of the method of determining soil moisture. In 
all the cases analyzed the moisture of the loose 
soil was determined to greater depths than that 
of the compact soil, taking into account the 
amount of the rise. This was necessary to dem- 
onstrate that the proposed refinement of the 
method produces correct results. However, there 
is no need in practice to consider the amount 
of soil rise with observations of soil moisture 
dynamics under field conditions (but this does 
not apply to observations on water content). 
The need for considering the amount of the rise 
occurs only when carrying out investigations of 
methods and in laboratory field investigations, 
when results of greater accuracy are required. 
Under these conditions it is necessary to make 
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TABLE 8 


Comparative accuracy of different methods of 
determining soil water content 


IPs Royal 


Conven- | Simplified 
Date of. S Contre! oer calculation 
determination] “, 
= mm. % mm. | % | mm. % 
Oct. 8 4 | 164 | 100 | 105 | 64 | 171 | 104.3 
April 27 5 | 236 | 100 | 201 | 85 | 247 | 104.7 
Sept. 9 6 | 110 | 100 | 96 | 87 | 112 | 101.8 


systematic observations of bulk density and to 
calculate the amount of rise. 

It is often necessary to make comparisons of 
the water content in different treatments of an 
experiment when the original bulk density was 
not determined. Under these conditions the wa- 
ter content of all remaining plots should be cal- 
culated on the basis of the bulk density of the 
plot having the most compact soil at the time. 
This bulk density should be accepted in lieu of 
the original in all subsequent determinations of 
the water content in this experiment. 

Table § compares the values for the soil water 
content calculated by various methods. The re- 
sults obtained by the refined method, which af- 
fords the greatest accuracy, were used as con- 
trols. The water content values determined by 
the refined and conventional methods are taken 
from Tables 4, 5 and 6. Simplified calculations 
were also carried out on the basis of data from 
these tables. 

Table 8 shows that even the greatest devia- 
tion which must be accepted with the simplified 
calculation is within the limits of accuracy of 
the method for determining soil moisture. How- 
ever, the deviations produced in calculations by 
the conventional method are quite unacceptable. 

The need for refinement of the method for the 


determination of the water content of the sc 
has recently become especially urgent because 
renewed interest in the study of subsoiling® F 
suggested by T. 8. Mal’tsev. 


Conclusions 


1. The conventional method for determinir 
the water content in any soil layer on trac’ 
tilled to various depths or to the same depth ¢ 
different times does not provide correct an 


accepted under this method amounted to 139 
15% and even 36% of the total water content i) 
the top half-meter depth of analyzed soil of th 
specific examples given. 
2. It is recommended that the water conten 
be determined in soil quantities of equal weight 
not of equal volume, as done in the conventiona 
method. For this purpose consideration must bi 
given to the extent to which a soil has becom 
fluffy or compact when comparisons are mad 
of the water content of soils tilled to differen 
depths or at different periods. 
3. Simple mathematical formulas are propose 
for determining the fluffiness or compactness 0, 
soils in accordance with their bulk density. Thes 
formulas are based on the idea that the produe} 
of the thickness of a given soil depth times thi 
bulk density of the depth is a constant regard! 
less of the degree to which the soil has becomé 
loose or compact. 
4. To simplify the work of nies large-scale 
field determinations of the soil water relation 
it is recommended that soil water content b 
calculated according to the initial bulk density 
determined a single time before tilling. 


Received March 28, 195 
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Sciences, USSR 


y the Soviet Union the study of carbon di- 
oxide in the air in and above the soil has 
ently received an increasing amount of at- 
‘tion. It is used to characterize the biochemi- 
processes taking place in the soil and to esti- 
‘te the biological activity of the soil. This 
dy is undoubtedly of great interest in soil, 
srobiological, and agrochemical research. In 
sian soil science literature there is termino- 
ical disagreement on this question. Some 
hors define “soil respiration” as the giving 
of carbon dioxide from the soil surface (2, 
5, 7). Others call this process “the biological 
livity of the soil” (11, 9, 8, 1). 

our opinion the concept of “soil respira- 
n”’—the giving off of carbon dioxide—must 
; be recognized as identical with “biological 
iyity.” The giving off of carbon dioxide from 
! soil depends on its production of CO,, on 
: diffusion of CO, from the soil into the at- 
sphere, the physical and chemical properties 
ithe soil, and changes in hydrothermal condi- 
ns. For this reason the term “soil respiration” 
yuld be used to designate the giving off of CO, 
der field and laboratory conditions. Soil res- 
lation is an element of gaseous exchange be- 
sen the soil and the atmosphere. Since the 
rd “respiration” itself means gaseous ex- 
wmge, its intensity is the rate at which CO, is 
‘en off from the soil. However, it must be re- 
mbered that determination of the rate at 
lich CO, is given off from the soil takes into 
sount only one aspect of the process and does 
; consider the entrance of oxygen or other 
ses into the soil. In this sense the term “res- 
lation” is used fairly widely in the literature 
(1 reflects the essence of the process most 
‘rectly. 

(he most important role in the soil’s produc- 
n of carbon dioxide is undoubtedly attribut- 
le to biological factors, and for this reason 
» rate at which CO, is given off from the soil 
a be used to characterize the rate of the bio- 
ical processes in the soil. Consequently, the 
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soil respiration rate, that is, the rate at which 
CO, is given off, is one of the parameters of 
the biological activity of the soil. However, in 
our opinion, to call this rate the “biological ac- 
tivity of the soil” is incorrect, since this rate 
depends, as noted above, on many factors. The 
biological activity may be estimated not only 
by the rate of soil production of CO, , but also 
by the activity of enzymes in the soil (4, 11, 12, 
ING 

If the rate of biological processes is deter- 
mined according to the giving off of carbon di- 
oxide, it would be more nearly correct to speak 
of the “soil respiration as an index of its bio- 
logical activity” or of “the determination of the 
biological activity of the soil according to the 
rate of soil respiration.” 

The term “soil respiration”’—“Bodenatmung” 
and the English expression “soil respiration” 
are also accepted in the foreign literature (14, 
L2eelorele 1G). 

Soil respiration and gaseous exchange between 
the soil and the atmosphere should not be con- 
fused with the exchange of air between the soil 
and the atmosphere which takes place because 
of a change in soil temperature and moisture 
and which proceeds periodically in one direc- 
tion at a time. Thus, for example, air may be 
given off from the soil as a result of its cooling 
or of an increase in its moisture (as from rain 
or irrigation), or the air may enter the soil as 
the latter is warmed or dried out. When air is 
exchanged there is no change in the concen- 
tration of the individual components of the 
atmospheric or soil air: that is, it is given off or 
taken into the soil not as individual gases (CO, , 
O, or N.) but as the complete mixture of gases, 
each with a partial pressure as determined at 
that instant. 

Incidentally, note that the term “soil aera- 
tion” is often used incorrectly. Many authors 
believe that “soil aeration” means the amount 
of air in the soil expressed as a percentage of 
the total pore space, not the process of gaseous 
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lesnykh pochy i yeye zavisimost’ ot fizi 
geograficheskikh usloviy 1 sostava nasa 
deniy (Biological activity of forest soils ; 
the effect of physicogeographical conditi 
and forest composition. Pochvovedeniye | 


exchange between the soil and the atmosphere. 
In the former case it is more nearly correct to 
speak of “the content of air in the soil” rather 
than “soil aeration.” 


Received Nov. 13, 1957 


BIBLIOGRAPHY 


. Vuasyuk, P. A. anp A. V. Manorix. 1955. 
Povysheniye biologicheskoy aktivnosti poc- 


dukhe moshchnykh chernozemoy (Observa- 
tions on carbon dioxide relations in the soil 
air of thick chernozems). Trudy Pochven- 
nogo Inst. im. V. V. Dokuchayeva. Vol. 31. 

. Miya, V. N. 1957. Biologicheskaya aktivnost’ 


. Smirnov, V. N. 1955. K voprosu 0 vzaimo 


10. 


mezhdu produktsiyey pochvennoy CO. 
proizvoditel’nost’yu lesnykh pochy (Inte 
lation between the production of carbon } 
oxide and the productivity of forest soi 
Pochvovedeniye No. 6. 


hvy pod vliyaniyem obogashchennykh kom- 10. SHarova, A. S. 1953. O biologicheskoy ak) 
postov (Increasing the soil’s biological activ- nosti pochy Latviyskoy, Litovskoy i Hsti 
ity by enriched composts). Doklady Akad. skoy SSR (The biological soil activity 
Nauk SSSR. No. 5. Latvian, Lithuanian and Estonian §$S 
. DoyarenKxo, A. G. 1926. Izbrannye raboty Izvest. Akad. Nauk Latv. SSR. No. 1. 
(Selected works), Vol. 1. 11. Sutarnoy, V. I. 1952. K metodike opredelens 
. Zonn, 8. V. AND A. K. AtmsHina. 1953. O gazo- biologicheskoy aktivnosti pochvy (Methé 
obmene mezhdu pochyoy i atmosferoy pod of determining the biological soil activit] 
pologom lesnykh nasazhdeniy (Gaseous ex- Doklady Vsesoyuz. Akad. Sel’skokhoz. Na 
change between soil and atmosphere under im. V.I. Lenina. Vol. 6. ; 
a forest planting canopy). Doklady Akad. 12. Kompr, H. 1953. Die Temperatur/Zeit-4 
Nauk SSSR. 92(5). hangigkeit der Bodenatmung (Soil respi) 
. Kuprevicy, V. F. 1951. Biologicheskaya aktiv- tion as a function of the ratio of temperatu 
nost’ pochvy i metody ee opredeleniya (Bio- to time). Z. Pflanzenernihr. Diing. Boder 
logical soil activity and methods of de- 61(1). 
termining it). Doklady Akad. Nauk. SSSR. 13. Korpr, H. 1954. Die biologische Aktivitat e 
79(5). Bodens und ihre experimentelle Kennzeic) 
. Maxaroy, B. N. 1953. Dykhaniye pochvy (Soil nung (The biological activity of the 3) 
respiration). Priroda No. 9. and its experimental characterization). | 
. Makarov, B. N. ann E. Ya. Frenxe’, 1956. Pflanzenernihr. Diing. Bodenk. 64(2). 
Gazoobmen mezhdu pochvoy i atmosferoy 64(2). 
na razlichnykh ugod’yakh dernovo-podzo- 14. Lunpncdrpu, H. 1924. Der Kreislauf der 
listykh pochy i vliyaniye uglubleniya pak- lensiure in der Natur (Carbon dioxide cy: 
hotnogo sloya na etot protsess (Gaseous in nature). 
exchange between soil and atmosphere on 15. Mryer, L. 1950. Die Atmungskurve des Bode 
different agricultural areas of sod-podzolic als Kennzeichnung der Bodentitigkeit w 
soil and the effect on this process of deepen- seines Standortcharakters (Soil respirati 
ing the plow layer). Trudy Pochvennogo curve as a parameter of soil activity and 
Inst. im. V. V. Dokuchayeva. Vol. 49. local character). Address to Soil Scien 
. Martsxnyicu, V. B. 1950. Nablyudeniya nad Society, Munich, 1950. | 
rezhimom uglekisloty vy pochvennom voz- 16. ScHarrmr, G. 1954. Atmungskurven des Bodei 


unter dem Hinfluss langjihriger, verschi 
denartiger Diingung (Curves of soil respir 
tion under the effect of various long-ter 
fertilization programs). Z. Pflanzenernah 
Diing. Bodenk. 67(3). 


> 


, P. Chernysheva, Novocherkassk 


N investigation of changes in hydrophysical 
BS ertizn of forest soils on slopes is of great 
‘portance in working out control measures for 
fil erosion. It is difficult to overestimate the 
nificance of these changes on the slopes sub- 
ct to slides and detrition. Large sums of money 
e being spent on fortifying such slopes by 
jeans of. engineering structures along the rail- 
jay ‘tracks and highways on the Black Sea 
Jast in the Caucasus and elsewhere. Yet, cases 
‘e known where slides were prevented and 
opped as a result of aforestation of these 
bpes. In spite of the obvious importance of 
lis problem, it has not yet been adequately 
udied. 

'The role played by forests in modifying soils 
anifests itself differently under various con- 
‘tions of soil and climate. Forests on slightly 
‘ached and carbonated chernozems in the 
‘eppe zone facilitate enrichment of the soil 
ith humus and improve its structure. This is 
‘marily due to an improvement in water and 
jmperature regimens of the soil under forests 
id also to an accumulation of organic matter— 
mnants of root systems and dead forest litter. 
Our investigations were conducted on the 
opes of ravines on the territory of the Manych 
irestry ranch in the southern part of the Vese- 
vskii region, Rostov province. The climate of 
lis region is continental with severe snow de- 
‘ent winters and hot dry summers with fre- 
aent dry winds. The average annual precipi- 
ition is 420 mm. and the average annual air 
fmperature +8.7°C. 

The slopes selected for the investigation have 
jorthern and southern exposures of 6 to 9° 
fade and extend for 40 to 70 m. Their profile 
largely even. Studies were made in the up- 
fr, middle and lower parts of each slope. To 
‘veal the changes induced by forest plantings, 
te soil was studied on forested as well as on 
on-forested parts of the slope (compact virgin 
round) covered by steppe vegetation. The soil 
rpes on the slope include ciscaucasian cherno- 
tms and transitional forms from southern to 
Scaucasian type, more or less eroded in the 
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upper parts of the slopes. The depth of the 
humus horizons in the upper portions of both 
forested slopes is 50 to 60 cm on the average, 
75 em. on the southern slope, and 110 cm. on 
the northern; and in the lower portion, 90 cm. 
on the southern, 180 cm. on the northern. The 
depth of the humus horizons in the forest free 
section on the southern slope is in the upper 
one-third 50 cm., in the middle 65 em., and in 
the lower, 90 em.; on the northern slope it is 80, 
125 and 260 em., respectively. On the southern 
slope and also in the upper and middle por- 
tions of the northern slope these soils are more 
or less carbonated—effervescence with HCl is 
visible on the surface and at a depth of 15 to 
20 cm. Only in the lower part of the northern 
slope was effervescence noted at a depth of 75 
em. or not at all. 

The artificially created stands on the slopes 
were composed of oak and-ash with a small ad- 
mixture of shrubs (Ligustrwm vulgare, Cornus 
sanguinea, Euonymus spp.) and varied in site 
quality (bonitet) as influenced by the location 
on the slope. The plantings represented young 
forest of the first generation, 25 to 27 years old. 
The total age of the plantation (since its es- 
tablishment) was 60 years. 

The growth and condition of the plantings 
differed greatly depending on the exposure and 
the element of the slope. They were much bet- 
ter on the northern slope than on the southern 
slope and, within the area of the same slope, 
better in the lower than in the upper portion 
of it. Stands in the upper part of the southern 
slope were cut, drying up to a high degree, with 
low site quality (Va) and insignificant density 
(0.3). The average height of young trees 26- 
years-old was 4 to 5 m. In the central part of 
the same slope the percent of dried trees was 
considerably lower (III site quality), density 
0.7 to 0.8, the average height of the tree 
crown 7 to 8 m. In the lower part of the slope 
the oak showed II site quality. The ash showed 
III site quality. The density was 0.8 and the 
average height of the tree crown was 11 m. 

On the northern slope the difference in growth 
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TaBLeE 1 | 
Structure of the soil on slopes of the Manych forest district (in percentages) with dry and wet sieviny 


A. P. CHERNYSHEVA 


Upper third of slope Middle third of slope Lower third of slope 
ag ore es 2008 Forest Virgin soil Forest Virgin soil Forest Virgin soil 
Dry Wet Dry Wet Dry Wet Dry Wet Dry Wet Dry 
Northern slope 
From 1° to 1 0-5 | 88.40) 44.00] 58.70) 36.10] 75.70) 54.27) 71.00) 41.70) 52.90) 26.90} 72.30 
mm. 20-25] 84.65) 46.10} 74.30) 39.30) 73.80] 50.30} 89.10) 40.10) 74.00) 25.00) 75.10 
50-55! 79.00) 25.70] 82.00) 24.30) 77.60] 40.70] 83.20} 38.00} 75.10) 24.80) 77.66 
90-95] 88.38) 14.20} 80.60) 17.80} 81.60) 23.40} 87.90) 32.00) 84.50) 15.30) 83.90 
Southern slope 
From 1° to 1 0-5 | 68.72) 30.31] 85.90) 23.29] 88.35] 81.47) 62.63) 25.50} 80.34) 64.80) 61.63 
mm. 20-25] 76.29) 36.30] 74.18] 27.20) 87.16} 50.92) 84.10) 42.30] 83.44] 44.89] 77.24 
50-55] 84.10] 36.60} 84.93) 23.10) 84.45} 14.08] 78.65) 37.68) 83.40] 11.34) 82.30 
90-95} 92.50] 23.10} 94.01) 14.00) 78.10} 8.24} 72.25) 21.65) 82.71| 9.60} 87.90 


and condition of the plantings, as influenced by 
the element of the slope, was not as great as 
on the southern slope. In the upper one-third 
of this slope the plantation was IV site quality, 
with a density of 0.8 and an average height of 
11.5 m. The ground cover in the lower and 
middle portions of both slopes consisted of dried 
forest litter 2 to 5 em. deep and in the upper 
part, steppe grass vegetation. 

The following hydrophysical properties of the 
soil were determined: specific gravity, bulk 
density, general porosity, water infiltration, and 
aggregate analyses. Besides, a study was made 
of the humus content of the soil. The aggregate 
analysis of the soil was determined by the 
Savinoy method, using both dry and moist 
sieving, and was evaluated in the following 
manner, Particles 1 to 0.25 mm. in diameter 
represent the elements not capable of guaran- 
teeing good water permeability. The aggregates 
from 10 to 1 mm. in diameter characterize the 
best structure and water permeability of the 
soil. Water stability of the soil structure was 
ascertained without a preliminary water satu- 
ration of the sample. 

The investigations showed that forest plant- 
ings on the slopes of the Manych forest district 
improve the structure of upper soil horizons but 
impoverish it in deeper soil horizons. This was 
most clearly marked on the southern slope 
where both these effects of forest plantings on 
the soil structure become stronger as the trees 
grow larger (Table 1). 


In the upper third of the southern slag 
where the plantation developed poorly, 1 
quantity of the water stable aggregates under | 
was only one-third greater than on the no 
forested slope covered by steppe vegetation ( 
to 380%). In the middle third of the slo 
where the plantation developed fairly well, | 
was more than three times greater (25 to 81 
and in the lower third, 4 times greater (16 1 
64%). The deteriorating effect of forest plan 
ings on the structure of deeper soil horizons w 
the more apparent the more developed the; 
plantings were. In the upper third of the slop 
where the plantation was partly cut and tl 
soil around the trees was covered by stepy 
vegetation, the adverse effect of the planting 
on the structure of deeper soil horizons we 
evident at a depth of 50 to 55 em. and in th 
lower, at a depth of 20 to 25 cm. 

On the northern slope the difference betwee 
the soil structure under the plantings and the 
in the non-forested part of it was not so grea 
As a rule, the soil structure here was som 
what poorer under the plantings and _ bette 
under the steppe vegetation than it was 0 
the southern slope. The ameliorating effect ¢ 
forest plantings on the soil structure spread t 
a depth of 50 to 55 cm. Also, among the pe 
culiarities of the northern slope, a very sma 
percentage of water stable aggregates was pres 
ent both under the forest plantings and unde 
the steppe vegetation in the lower third of th 
slope. 


he influence of forest plantings on the soil 
eture depended first of all, on the con- 
ons of humus accumulation under these 
ntings. As a rule, under the plantations the 
er soil horizons were richer in humus, 
reas the deeper ones were poorer than un- 
‘the steppe vegetation. However, no direct 
tion was observed between the humus con- 
t of the soil and the quantity of water stable 
rregates. Occasionally, a slight increase in the 
‘centage of humus was accompanied by a 
rked improvement in the quality of water 
ble aggregates, as occurred in the middle 
d of the southern slope, in the 0 to 5 cm. 
izon. Deviations were particularly great on 
northern slope where an increased percent- 
: of humus under the plantings was evident 
y in the very superficial soil horizon, whereas 
improvement in the structure was observed 
a depth of 50 to 55 cm. An exception to the 
‘eral rule, the soil in the lower third of the 
thern slope, contained a very small percent- 
‘of water stable aggregates with a consider- 
é quantity of humus. These deviations show 
t the quantity of water stable aggregates 
yends not only on the total humus content 
5 on a number of other factors. The poor 
ucture of the soil in the lower third of the 
‘thern slope may be due to the imadequate 
cium supply of the absorbing soil complex. 
A very important factor in soil structure 
mation was the character of the root systems 
trees and steppe grass vegetation and the ex- 
't of root penetration. Special observations 
iwed that with their lighter weight’ roots of 
, steppe vegetation form denser networks in 
»p soil horizons than do roots of woody 
nts. This situation in conjunction with the 
mus content and other chemical changes, 
ich could not be determined, was the cause 
deterioration in the soil structure of deep 
‘izons under forest plantings. The possibility 
mot excluded that the weight of the trees 
mselves contributed to the compactness of 
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the soil and to the deterioration of its structure 
in deep horizons. 

Structure is one of the most important factors 
determining hydrophysical properties of the 
soul, of which the most interesting ones for us 
are: general porosity and water intake capacity. 
The general porosity of the upper soil horizon 
to a depth of 10 to 15 cm. on forest-covered 
slopes was greater than on the forest-free slopes, 
and in the middle and the lower sections, it 
was greater than in the upper. Thus, in the 
upper third of the southern slope the general 
porosity under forest comprised 56%, whereas 
under the steppe vegetation it was 53%. In the 
middle third of the same slope it comprised 67 
and 62%, respectively, and in the lower 62 and 
59%. In conformity with the structure of the 
upper soil horizons and the soil porosity, changes 
took place also in water intake of the soil. In 
the course of 14 hours, over the area of 1250 
em.’, 16 1. of water were absorbed in the upper 
third of the forested slope, whereas the soil on 
the same third of the non-forested slope ab- 
sorbed only 14 1. In the middle third under 
forest the absorption was 20 1., on the forest- 
free slope, 12 1., and in the lower third, 35 and 
5 1, respectively. The poorer the growth of 
forest plantings, the smaller the network of 
roots in the uppermost horizons of the soil; the 
thinner the layer of forest bedding, the poorer 
the water intake of the soil on slopes. 

The results of our investigations showed that, 
under soil and climate conditions comparable 
to those existing on the Manych forest district, 
forest plantings considerably improve the struc- 
ture of the surface horizons of the soil. They 
assure a more complete absorption of the sur- 
face run-off and thus aid in the control of ero- 
sion. In deeper horizons the soil structure de- 
teriorates because of tree planting; however, 
this does not lower its water permeability since 
the presence of large tree roots penetrating deep 
into the soil ensures good drainage. 
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SOME NOTES ON TYPES OF WATER RELATIONS 


S. A Vladychenskiy, WM. V. Lomonosov Moscow State University 


A. Rope has recently suggested a classifi- 
A. cation of the types of soil water relations 
(3). The appearance of this classification should 
undoubtedly be considered as favorable to the 
extent that it takes into account the ideas of 
classical Russian hydrologists as well as data 
which have accumulated for many years in this 
field. However, in my opinion, certain points 
of this classification need refining. 

The bog and ground water-bog subtypes of 
water relations, characteristic of the peat-bog 
soils of upland and lowland bogs, are classified 
by the author with the group of runoff water. 
It is difficult to speak of runoff of the soil 
under bog conditions in which the water re- 
mains at the soil surface for a considerable 
part of the year. I do not deny the possibility 
of the soaking up of a certain amount of mois- 
ture under these conditions, but this is not 
characteristic of the water relations of water- 
logged soils. The stagnation of the water, or at 
least its sufficient efflux, is the cause of water- 
logging. This factor should be reflected in the 
classification. I believe that a special type of 
stagnant-water relations should be delineated 
for bogs and bog soils, as suggested by N. P. 
Blagovidoy (1). 

According to Rode, the water relations of 
flood-plain soils fall either into the group of 
runoff water (having the subtypes designated 
as taiga, half-bog, groundwater bog and ground- 
water taiga) and into the group of seepage 
water (subtypes: meadow and solonchak soils). 
On individual tracts of flood plains, varied 
types of water relations may be encountered, 
including some not characteristic of flood plains. 
In addition to this there are unique, specific 
water relations of flood plains themselves, which 
should be delineated as an independent type. 

The water relations of flood-plain soils are 
in general determined by the hydrological rela- 
tions of a river. For southern rivers the water 
relations are represented by a rhythmic move- 
ment of two kinds of water: capillary-rise and 
capillary-supported. In spring, before the flood, 
not only the ground water but also the eap- 
illary-supported water increases. The. latter 


unites with the zone of capillary-rise mois 
which reaches its maximum thickness at — 
time. During the flood the soil is maxim! 
saturated with water (if the soil is not floo 
to the surface, capillary-supported water 
dominates in it). At the low water period 
fall of the water table leads to the differen 
tion of the two zones of moisture, right d 
to the point of a break between them. A 
in fall and winter the two zones of moist 
begin to approach each other. These spe 
characteristics of the water relations of flo 
plain soils were noted by V. A. Koyda (2) 
observed the relations described on the Volk 
Akhtubinsk flood plain in the Kama Riv 
valley. 

The water relations of sands and sandy s 
are also quite unique and merit delineation 
an independent type. Sands are known to — 
distinguished by their high permeability to 
ter, their low moisture capacity and their ne 
ligible capacity for capillary rise. Because 
these properties sands absorb moisture quiel 
and completely. On reaching a stratum im 
meable to water the moisture accumulat 
forming a zone of saturation. Because the caj 
lary rise capacity of sand is low and vegetatil 
develops slowly on sand owing to insufficie 
nutrients, no water is lost either through tra 
spiration or evaporation. On the large areas” 
sand in the desert zones, regardless of t 
negligible precipitation there, fresh groundw 
ter supplies are often encountered at sor 
depth. 4 

The water relations described might, at fir 
glance, be classified as being of the runoff tyt 
However, the runoff type of water relatio1 
characteristic of the zone of the taiga, implicit 
require not only the predominance of descen 
ing currents of water but also separate perio 
when the water rises. In sands, the descendi1 
movement of moisture is maximal. This, to 
enables us to delineate these water relations 
an independent type. 
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Chronicle 


GORSHENIN AND THE FORTY-FIETH ANNIVERSARY OF HI 
SCIENTIFIC AND TEACHING ACTIVITIES 


N. I. Bogdanoy, A. S. Migutskiy, N. M. Golyakov, N. S. Ponomareva, N. D) 
Gradoboyev, V. M. Prudnikova and N. L. Kolesov, Department of Soil Science 


S. M. Kirov Omsk Institute of Agriculture 


The editors of “Pochvovedeniye” (“Soil Science”) extend their hearty felicitations tl 
Konstantin Pavlovich Gorshenin, senior Dokuchayevian soil sciéntist, active collaborato 
with the journal, and member of the Editorial Board, on his jubilee, and wish hin 


continued good health and fruitful activity. 


w June 18, 1958, Professor Konstantin Pay- 
lovich Gorshenin, Corresponding Member, 
VY. I. Lenin All-Union Agricultural Research 


Institute and Chairman, Department of Soil 
Science, 8. M. Kirov Omsk Institute of Agri- 
culture, celebrated his seventieth birthday. 


This important date coincides with the forty 
fifth anniversary of his scientifie and teaching 
activities. | 

Of peasant origin, Konstantin Pavlovich was 
able to achieve a university education because 
of his ability, his industriousness and his per 
severance. He graduated from the School of 
Geology, University of St. Petersburg, in 1913 

While still a student Konstantin Pavlovic 
was attracted to soil science. During the first: 
few years he worked under the direction of Prof. 
K. D. Glinka and took part in the soil survey 
expeditions along the route of the Tyumen” 
Omsk railroad (1912) and in soil survey work 
in Voronezh Province (1913 and 1914). Start- 
ing in 1915 under the direction of Prof. 8. 8. 
Neustruyey he took part in the work of the 
Orenburg expedition (1915 to 1919) and in work 
in Western Siberia (1920-1922). 

In 1920 Prof. Neustruyev invited Konstantim 
Pavlovich to be his assistant in the Department 
of Soil Science, Omsk Institute of Agriculture, 
and in 1922, after Prof. Neustruyev’s departure, 
he was confirmed as head of the Department 
in which position he has remained ever since. 

Konstantin Pavlovich has contributed much 
time and energy to building up the Department 
of Agronomy and the Institute as a whole in 
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capacity of Deputy Rector, Dean of the 
=n00l and Assistant Director of the Institute. 
jiousands of young men and women have at- 
inded his superb lectures during this time and 
ened with great interest to his contributions 
meetings. Now there is nowhere in Siberia 
rere there is not a graduate of the Institute 
jo remembers Konstantin Pavlovich Gorshe- 
h with affection, both as a capable scientist 
ad as a fascinating person. 
‘He is widely known for his excellent knowl- 
«ge of methods. Outlines for the soil science 
urses, various instructions on methods, teach- 
x plan, and so forth have been developed 
ider his direction. The “Textbook of Soil 
Hence for Schools of Agronomy of Agricul- 
al Colleges,’ of which he was co-author and 
itor, will soon be published. 
is scientific activity has been quite varied 
‘d he has published more than a hundred 
entific articles devoted to the study of the 
tography, genesis, evolution and classification 
Siberian soils, the dynamics of processes tak- 
ig place im these soils and their fertility. 
‘Konstantin Pavlovich has always taken an 
‘tive part in working out definite measures for 
e more efficient use of Siberian land resources 
i the basis of the natural zones, applying to 
ese problems his vast knowledge of nature and 
ils in Siberia. 
‘He does not play a lone hand at science: he 
is always been—and remains—a teacher and 
‘e director of many detachments of soil sci- 
itists who have devoted themselves to the 
udy of the soils of the vast expanses of Siberia. 
In 1929 he became the director of the Siberian 
ranch, State Soil Institute of the People’s 
ommissariat of Agriculture, Russian Soviet 
ederated Socialist Republic, and from 1931 to 
)35 he was Scientific Director of the Siberian 
sation for the Organization of Farm Practices 
I ecostanterya). By the efforts of a large 
amber of soil scientists, botanists and land 
se specialists, these two institutions carried 
mt surveys and organizational planning for an 
lormous number of collective and state farms 
the area between the Urals and the Far East. 
Since 1938, Konstantin Pavlovich has directed 
ne soil research of the state variety selection 
racts of Siberia and the Far East. 

The entire body of his knowledge of Siberian 
ils and nature were reflected in the soil map 
f Siberia which he compiled and in his out- 
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standing monograph “Soils of Southern Siberia,” 
which appeared in 1955. This book is not a 
simple summing up of all that is known of 
Siberian soils and nature; it gives new ideas 
on matters of principle which flow from the 
responsibilities of the edaphologist. 

In his writings Konstantin Pavlovich has al- 
ways defended the idea that soil mapping should 
not only show the location of a certain soil, but 
should also show the differences in the produc- 
tive possibilities of the area occupied by the 
soil. For this reason he first characterizes the 
area as a whole, its soil cover and other natural 
conditions important both for soil formation 
and for agricultural production. In this re- 
spect he has shown that the local topography 
is of very great importance under the natural 
conditions of Siberia. With differences in topog- 
raphy there are differences in development of 
runoff and drainage, of temperature and water 
relations and in types of soil complexes and 
associations. He divided Siberian topography 
into three types, depending on the extent of 
the dissection and drainage, and in the mono- 
graph he has shown the possibilities for agricul- 
tural production and the most effective farm 
practices from the zonal point of view for each 
type of relief. 

All of this work has been subordinated to one 
major idea: providing a scientific basis for a 
differential approach to questions of agricul- 
tural development. 

The soil map and map of the geographical 
soil zones and districts of Siberia which were 
published as a supplement to the monograph 
are exceptionally valuable. They were compiled 
on the basis of constructive re-working and 
generalization of all the existing cartographic 
material on Siberia. 

This work was awarded the V. R. Williams 
prize in 1957. : 

In addition to his great teaching, scientific 
and scientific agricultural production work, 
Konstantin Pavlovich has taken an active part 
in the social work of the party, the soviet and 
trade unions. He is a member of the editorial 
board of the journal “Pochvovedeniye” (“Soil 
Science”) and is editor-in-chief of the journal 
“Sel’skoye khozyaystvo Sibiri” (“Siberian Agri- 
culture”), and is also chairman of the Siberian 
Division of the Society of Soil Scientists. He 
has often been elected Deputy to the Omsk City 
Soviet. 
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His fruitful scientific and agricultural pro- 
duction activity has been singled out by the 
government. He has been designated a Worthy 
Scientist of the Russian Soviet Federated So- 
cialist Republic. He has received the Order of 
Lenin twice, and has also received the Order 
of the Red Banner of Labor and the medals 
“For valiant labor during the great fatherland 
war, 1941-1945” and “For the reclamation of 
virgin and abandoned land.” For his participa- 
tion in the All-Union Agricultural Exhibition, 


his activity. 


Konstantin Pavlovich was awarded the g | 
gold and silver medals. 

In 1958 he was awarded the V. I. Lenin pr} 
for his scientific work “The Soils of Westd 
Siberia.” : | 

In taking note of the jubilee of Konstan) 
Pavlovich Gorshenin, we sincerely wish ¢ 


health and creative success in all the fields j 
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